


























































+D!(,2\Proposals for a monetary rule require a supplementary proposal of a scal rule."
Karl Brunner (1986), p. 54.
1 Introduction
Recent years have seen a worldwide movement toward greater emphasis upon the achieve-
ment of inﬂation targets as the primary criterion for judging the success of central banks'
conduct of monetary policy. At the same time, the independence of central banks in their
choice of the means with which to pursue this goal has also increased. An implication would
seem to be that it is now widely accepted that the choice of monetary policy to achieve a
target path for inﬂation is a problem that can be, and indeed ought to be, separated from
other aspects of government policy, such as the choice of scal policy.1 But is this really
so clear? Or do the agencies responsible for inﬂation stabilization properly need to concern
themselves with scal policy choices as well, while the agencies concerned with scal policy
have a corresponding need to coordinate their actions with those of the monetary authority?
The argument for separation of decision-making about these two aspects of macroeco-
nomic policy necessarily relies upon two theses: rst, that scal policy is of little consequence
as far as inﬂation determination is concerned, and second, that monetary policy has little
eect upon the government budget. I shall argue here that neither proposition is true, for
reasons that are related. The scal eects of monetary policy are often thought to be an
insignicant consideration in the choice of monetary policy by the major industrial nations,
because seignorage revenues are such a small fraction of total government revenues in these
countries. But such a calculation neglects a more important channel for scal eects of
monetary policy, namely the eects of monetary policy upon the real value of outstanding
government debt, through its eects upon the price level (given that much of the public debt
is nominal) and upon bond prices, and upon the real debt service required by such debt
1A particularly striking example of an attempt to separate the two types of policy decisions is the European
monetary union, in which monetary policy is the responsibility of a supra-national European Central Bank,
while scal policies continue to be the prerogatives of individual national governments.
1(insofar as monetary policy can aect real as well as nominal interest rates).2
Fiscal policy is often thought to be unimportant for inﬂation determination { at least
when, as in countries like the U.S. and the U.K., a desire to obtain seignorage revenues plays
no apparent role in the choice of monetary policy { on two dierent, though complementary,
grounds. On the one hand, it is often argued that inﬂation is purely a monetary phenomenon,
and hence that only the choice of monetary policy matters for what level of inﬂation one will
have. And on the other, the celebrated \Ricardian equivalence" proposition implies that
insofar as consumers have rational expectations, scal policy should have no eect upon
aggregate demand, and hence no eect upon inﬂation.
I shall argue that neither proposition is of such general validity as is often supposed.
As a considerable recent literature has stressed,3 scal shocks aect aggregate demand, and
the specication of scal policy matters for the consequences of monetary policy as well,
in rational expectations equilibria associated with policy regimes of the kind that I shall
call \non-Ricardian" (Woodford, 1995, 1996), even when the monetary policy rule involves
no explicit dependence upon scal variables of any sort. This happens, essentially, through
the eects of scal disturbances upon private sector budget constraints and hence upon
aggregate demand. Such eects are neutralized by the existence of rational expectations and
frictionless nancial markets only if it is understood that the government budget itself will
always be subsequently adjusted to neutralize the eects, in present value, of any current
scal disturbance. A \non-Ricardian" scal policy is one that does not have this property;
we show that non-Ricardian policies may easily be consistent with the existence of a rational
2See King (1995) for discussion of this point, with some quantitative evidence.
3The discussion of price-level determination under a non-Ricardian policy regime in section 2 below
recapitulates results from Woodford (1994, 1995, 1996, 1998c), drawing also upon the important contributions
of Leeper (1991), Sims (1994), and Cochrane (1999). Important precursors of this literature include Sargent
(1982), Begg and Haque (1984), Shim (1984), d'Autume and Michel (1987), and Auernheimer and Contreras
(1990, 1993). Other recent discussions and extensions of this work include Bassetto (2000), Benhabib et al.
(2000a, 2000c), B enassy (2000), Bergin (1996), Buiter (1998, 1999), Canzoneri and Diba (1996), Canzoneri
et al. (1998, 1999), Carlstrom and Fuerst (2000), Christiano and Fitzgerald (2000), Cochrane (1998, 2000),
Cushing (1999), Daniels (1999), Dupor (2000), Gordon and Leeper (1999), Kenc et al. (1997), Kocherlakota
and Phelan (1999), Leith and Wren-Lewis (1998), Loyo (1997, 1999, 2000), McCallum (1998, 1999), Schmitt-
Groh e and Uribe (2000), and Sims (1997, 1998, 1999).
2expectations equilibrium, which means that the expectation that the government will follow
such a rule need never be disconrmed.
This possibility, however, means that a central bank charged with maintaining price sta-
bility cannot be indierent as to how scal policy is determined. To be concrete, I shall argue
that the mere commitment of a central bank to conduct monetary policy according to a rule
such as the \Taylor rule" (Taylor, 1993) is insucient to ensure a stable, low equilibrium rate
of inﬂation. On the one hand, (non-Ricardian) scal expectations inconsistent with a stable
price level may frustrate this outcome, even when monetary policy is itself consistent with
price stability. Indeed, the combination of a Taylor rule with certain kinds of scal policy
may result in an inﬂationary or deﬂationary spiral. And on the other hand, even when scal
policy is consistent with stable prices, the policy regime (including the commitment to a
Taylor rule) may not preclude other equally possible rational expectations equilibria, such
as equilibria involving self-fullling deﬂationary spirals.4 Alternative scal policy commit-
ments may instead exclude these undesired deﬂationary equilibria (as discussed in Woodford,
1999a), and thus in this way help to ensure stable prices. As a practical proposal that ad-
dresses both of these issues, I shall suggest that a Taylor rule for monetary policy should be
accompanied by targets for the size of government budget decits.
2 Price-Level Determination under a Bond Price-Support
Regime
Before turning to a discussion of Taylor rules, it will be useful to take up the more general
question of how scal policy can aect the determination of the equilibrium price level. The
role of scal developments as a source of disturbances to the price level can be seen most
clearly in policy regimes sometimes said to involve \scal dominance". These are policy
regimes, often associated with the special scal pressures of war nance, in which other
goals of central bank policy are subordinated to the goal of assisting in the nancing of the
4Benhabib et al. (2000b) criticize regimes involving a Taylor rule on this ground, though it is important
to note that the problem that they identify is in no way special to the Taylor rule.
3government budget. However, it is important to note that this does not necessarily mean
that scal developments aect the price level only because the central bank adjusts monetary
policy in response to them.
A familiar textbook account of scally-dominant regimes runs as follows: scal exigencies
determine the size of a real government budget decit that must be nanced; this budget
shortfall is then assigned to the central bank as a level of seignorage revenue that it must
generate through money creation; the monetary base is increased by whatever amount suces
to generate the required revenues; and nally, the rate of money growth determines the
equilibrium rate of inﬂation, through the usual quantity-theoretic mechanism. Under this
account, scal developments aect the rate of inﬂation, but only because they aect monetary
policy, under this particular sort of monetary policy rule; inﬂation is still a \purely monetary"
phenomenon. Such an account is still perfectly consistent with the view that commitment
to an anti-inﬂationary monetary policy is sucient to ensure price stability. Furthermore,
the model just sketched might seem to apply only to a few less-developed economies, not to
advanced economies such as the U.S. or the European Union. For it would seem not to apply
in the case of an independent central bank, that need not accept seignorage targets dictated
by the Treasury; nor would it seem likely to apply to an economy with sophisticated nancial
markets, in which it is dicult for the government to raise large seignorage revenues, because
of people's ability to substitute away from non-interest-earning assets. Thus the part of the
world in which such a regime would even be a potential outcome might seem to be rapidly
shrinking.
Instead, I shall argue that scal policy can aect the price level even when the central
bank pursues an autonomous monetary policy, by which I mean a rule for setting its instru-
ment (in practice, a nominal interest rate) that is independent of scal variables. Thus it
will not be enough, to avoid price-level instability resulting from scal disturbances, to sim-
ply adopt an institutional arrangement under which the central bank receives no directives
from the Treasury dictating changes in policy; nor will it be enough that the central bank
commits itself to an interest-rate rule, like the Taylor rule, that involves no direct feedback
4from variables such as the the government budget. Furthermore, the potential eects of
scal disturbances described here will continue to exist even in what I shall the \cashless
limit" (Woodford, 1998a) | the hypothetical limiting case of an economy in which nan-
cial innovation has proceeded to the extent that available seignorage revenues are negligible.
This is because these eects in no way depend upon attempts to use monetary policy to
generate seignorage revenues. Thus the possibility that scal policy may interfere with the
achievement of price stability cannot be so easily dismissed, even for advanced economies.
In fact, \scally dominant" regimes often do not involve any direct assignment of a
seignorage target to the central bank, as in the textbook analysis. Instead, \scal dominance"
manifests itself through pressure on the central bank to use monetary policy to maintain the
market value of government debt. A classic example is provided by U.S. monetary policy
from 1942 up until the Treasury-Fed \Accord" of March 1951.5
Beginning in April 1942, the Fed and the Treasury agreed to an interest-rate control
program, the declared aim of which was to maintain \relatively stable prices and yields for
government securities".6 The yield on 90-day Treasury bills was pegged at 3/8 of a percent;
this peg was maintained through June 1947, and as shown in Figure 1(a), until that point
the price of bills was completely xed, as the Treasury oered both to buy and sell bills at
that price. An intention was also announced of supporting 1-year Treasury certicates at a
price corresponding to a 7/8 percent annual yield; this policy continued after 1947, though
at a slightly higher yield. Finally, the prices of 25-year Treasury bonds were supported at
a price corresponding to a 2 and 1/2 percent annual yield; this price ﬂoor was maintained
up until the time of the \Accord". The commitment to supporting the price of long-term
bonds seems to have been the central element of Fed policy in the late 1940s. In particular,
when bond prices rose during the rst half of 1949, the Fed sold over three billion dollars of
its bond holdings (Eichengreen and Garber, 1991, p. 184); thus the Fed acted to stabilize
bond prices (and in the face of criticism at the time, over the contractionary consequences of
5See, e.g., Friedman and Schwartz (1963), chap. 10; Eichengreen and Garber (1991); and Timberlake
(1993), chap. 20; and Toma (1997), chap. 8.
6Eccles (1951), p. 350; quoted by Timberlake (1993), p. 304.
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Figure 1: The U.S. bond-price support regime, 1942-51. (a) Yields on Treasury securities.
(b) Evolution of the consumer price index.
the policy during a recession period), rather than refusing to intervene as long as the price
remained above the ﬂoor.
This sort of relation between a central bank and the treasury is not uncommon in wartime,
and may have characterized at least some central banks at other times as well, in cases where
the perceived constraints on scal policy have been similarly severe.7 The interest of the
case for our present purposes is that while the Fed during this period is typically described
as thoroughly subordinate to Treasury policy, this is actually an example of an autonomous
monetary policy, in the sense dened above. A policy of conducting open-market purchases
and sales so as to stabilize the prices of Treasury securities is one that requires no central
7For example, Fratianni and Spinelli (1997) describe the Bank of Italy as operating under a regime of
\scal dominance" during most of its history, from its founding in the late 19th century until the so-called
\divorce" between the Bank and the Treasury in 1981. In this case as well, \scal dominance" seems to
have meant above all the inability to set an independent interest-rate policy; instead, interest rates had to
be kept low to allow the sale of government debt at a high price.
6bank monitoring of scal developments for its implementation, nor any directives from the
Treasury about how to respond to scal developments. It is in fact an especially simple
example of an interest-rate rule, essentially equivalent to an interest-rate peg. Any eect of
scal shocks upon the growth the monetary base under this regime was purely a general-
equilibrium phenomenon, and not a consequence of any direct dependence of the Fed's
interest-rate targets upon such shocks.
Yet scal developments clearly have a major impact upon the course of inﬂation under
such regimes. For example, in the case of the U.S. in the 1940s, the regime was inﬂationary
during the war period, though wage and price controls suppressed much of this inﬂation
until their relaxation in several stages during 1946. (The burst of inﬂation in 1946-47 seen
in Figure 1(b) should not be attributed to any surge in aggregate demand at that time, but
rather to the allowance of prices to nally rise to their equilibrium level.) On the other hand,
the price-support regime resulted in deﬂation over the period 1948-50. This corresponds to
a period in which the large wartime decits had ended, and the U.S. government budget was
instead chronically in surplus. With the outbreak of the Korean war in June 1950, inﬂation
suddenly began again. It was only at this time that the bond price-support regime came to
be denounced as \an engine of inﬂation", and was for that reason suspended.8
How is one to explain these eects upon the general level of prices of variation in the
scal situation? It cannot be through any direct eect of scal developments upon monetary
policy, understood to refer to the Fed's rule for setting interest rates. Rather, such eects
indicate that the government budget can play a role in price-level determination in addition
to the specication of monetary policy.
Might one still salvage a traditional quantity-theoretic view of inﬂation determination
by saying that in such a regime, the money supply depends upon the government budget,
as well as the interest-rate rule? In equilibrium, it is true that it does; scal disturbances
aect the equilibrium growth rate of the money supply. But the causality is not from the
8See Brunner and Meltzer (1966) for an important discussion of this period, stressing that the inﬂationary
or deﬂationary character of the regime depended upon scal policy.
7government budget to the growth of the money supply, and then only from the change in the
money supply to prices. Rather, the government budget aects the general level of prices,
and only because prices change does it also aect the money supply (as higher prices result in
higher money demand, which the Fed passively accommodates under such a regime). Thus
one cannot explain the change in the price level as being due to the increase in the money
supply.
Upon rst thought, one might suppose that under a bond price-support regime, there is
a direct connection between the government budget and growth in the monetary base. One
might reason that a commitment by the Fed to act as the residual purchaser of government
debt will require the Fed to increase the monetary base, in order to increase its holdings of
government debt, whenever the Treasury issues more debt, which is to say, whenever (and to
the extent that) the government runs a budget decit. But this supercial analysis implicitly
assumes that the public's demand for government bonds is xed, so that (in the absence of
a price change) the Fed will have to acquire the additional issues, while it assumes at the
same time that there is no obstacle to increasing the public's money holdings by an arbitrary
amount, without any change in the relative yield on money and bonds.
Instead, economic theory implies that if anything, the opposite relations should obtain.
There are good reasons why it may not be possible for the Fed to increase the monetary base
without having to accept a change in the yields on Treasury securities. A money demand
relation of the conventional sort (e.g., equation (2.16) below) implies that the public's desired
money balances will be a function of the price level, of the quantity of real transactions, and
of the interest dierential between money and bonds, but not of scal variables such as the
stock of public debt. Thus it is generally supposed that the Fed cannot change the monetary
base without accepting a change in the level of interest rates, something that is precluded
under the bond price-support regime. At the same time, there are equally good reasons why
an increase in government borrowing might well increase the public's willingness to hold
government bonds, even in the absence of any change in bond yields. Indeed, the doctrine of
Ricardian Equivalence asserts that government borrowing automatically creates an increase
8in desired private bond holdings of exactly the same size (due to an increase in expected
future tax obligations), so that bond yields need not change at all to maintain equilibrium
in the bond market.
The analysis that I shall propose here will not imply that Ricardian Equivalence obtains
(in that case, there would be no inﬂationary impact of an expectation of budget decits,
either). But it will assume a conventional money demand relation, so that the quantity
of money that must be supplied in order to maintain bond prices at their target levels is
a function solely of prices and real activity. Thus the government budget will be able to
aect the money supply only because it is able to aect equilibrium prices through another
channel; prices will not be aected only because of the change in the money supply.
2.1 A Simple Model
Let us consider price-level determination under such a regime using a simple monetary
framework, namely, a representative-household model of the kind introduced by Sidrauski
(1967) and Brock (1974, 1975). I shall suppose that the representative household seeks to





tU(ct + gt;M t=Pt)
)
; (2.1)
where U(c;m) is an increasing, concave function of both arguments, and the discount factor
satises 0 <<1: The second argument of U indicates the liquidity services provided by
end-of-period money balances Mt; these depend upon the real purchasing power of those
balances, so that Mt is deﬂated by the price level Pt. In the specication (2.1), I assume
that (real) government purchases gt are perfect substitutes for (real) private consumption
expenditure ct. This simplication allows us to focus solely upon the eects of scal policy
upon private budget constraints; government purchases have exactly the same eect on the
economy as transfers to households of funds sucient to nance private consumption of
exactly the same amount. (I shall assume that taxes are lump-sum for the same reason; a
tax increase will then have the same eect as a reduction in transfers that reduces household
budgets in the same amount.)
9The representative household is subject each period to a ﬂow budget constraint of the
form
Mt + Et[Rt;t+1(Wt+1 − Mt)]  Wt + Ptyt − Tt − Ptct; (2.2)
stating that end-of-period nancial wealth (money balances Mt plus bonds) must be no
greater in value than nancial wealth Wt at the beginning of the period, plus income from
t h es a l eo fp e r i o dt production yt, net of tax payments and consumption expenditure. The
variable Tt represents (nominal) tax obligations net of any government transfers; the two
components need not be distinguished, as taxes are assumed to be lump-sum. The dierence
Wt+1 − Mt represents the (nominal) value in period t + 1 of the household's bond portfolio
at the end of period t; as I assume complete nancial markets, this portfolio may include
state-contingent claims of many sorts. The (nominal) market value of such a bundle of state-
contingent claims in period t is given by Et[Rt;t+1(Wt+1 − Mt)]; where the random variable
Rt;t+1 is a stochastic discount factor for pricing arbitrary (non-monetary) nancial claims.9
Note that the household, as a price-taker in nancial markets (as well as goods markets),
takes the evolution of the stochastic discount factor as being independent of its own portfolio
decisions (indicated by the evolution of Mt and Wt).








Mt ++ Et[Rt;t+1Wt+1]  Wt +[ Ptyt − Tt]; (2.4)
in which it=(1 + it) appears as the eective cost of holding wealth in monetary form. Let
us also assume a borrowing limit each period, according to which the household's portfolio
9The existence of such a pricing kernel follows from the absence of arbitrage opportunities; the pricing
relation applies, of course, only to nancial assets that (unlike money) do not yield additional non-pecuniary
benets. Under our assumption of complete markets, Rt;t+1 is uniquely dened.




Et+1[Rt+1;T(PTyT − TT)] (2.5)
in each possible state in period t + 1; this states that the household must never have debts
greater than the present value of all future after-tax income.10 The sequence of ﬂow bud-














EtRt;T[PTyT − TT]: (2.6)
We may thus state the household's problem, looking forward from any date t,a st h ec h o i c e
of a consumption plan and planned money holdings to maximize (2.1) subject to (2.6), given
nancial wealth Wt.
Necessary and sucient conditions for household optimization12 are then that the rst-
order conditions13
Um(ct + gt;m t)
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EtRt;T[PTyT − TT] < 1: (2.9)
This last condition states both that the left and right-hand sides of (2.6) are equal, and that
both innite sums converge.14 This condition for optimality could equivalently be replaced











10Here the discount factor Rt+1;T for discounting income in period T back to period t+1 is dened as the
product of factors Rs;s+1 for s running from t + 1 through T − 1; it is equal to one when T = t +1 :
11See Woodford (1999a) for details.
12For simplicity, we ignore the possibility of corner solutions.
13In writing these, I use the notation mt  Mt=Pt for real money balances.
14The latter stipulation is necessary, as both left and right-hand side being innite would not imply that
the household could not aord to consum more. Indeed, in such a case, (2.5) would impose no limit on
borrowing, and \Ponzi schemes" would be possible, allowing unbounded consumption at all dates.




A rational expectations equilibrium is then a collection of state-contingent paths for
the various endogenous variables that satisfy these conditions for household optimization,
together with the market-clearing conditions







at all dates and in all possible states.16 Here the aggregate supply of goods yt is an exoge-
nously specied stochastic process, whereas the money supply Ms
t and the market value of
total beginning-of-period government liabilities W s
t+1 evolve in accordance with the speci-
cation of monetary and scal policy (to be claried below).









Under standard assumptions on preferences,17 this equation can be solved for a unique




= L(yt;i t); (2.16)
where the \liquidity preference function" L is increasing in its rst argument and decreasing
in the second. Thus our model incorporates an equilibrium condition stating that the price
level is at all times such that the implied real value of the money supply is equal to desired
15Again, see Woodford (1999a) for details.
16Equilibrium from some date T onward requires that (2.12) { (2.14) be expected to hold at all dates t  T:
The fact that WT = Ws
T would follow from the specication of the initial portfolio of the representative
household, rather than being a market-clearing condition.
17In addition to those noted earlier, we assume that both consumption and liquidity services are normal
goods, and also assume boundary conditions guaranteeing an interior solution to (2.15).
12real balances; but as we shall see, this need not mean that the evolution of the price level is
best explained by the evolution of the money supply.
























This equilibrium relation is a sort of \Fisher equation", linking nominal interest rates to
expected inﬂation, but also involving the real factors that determine the equilibrium real
rate of interest. In the familiar textbook case of a utility function U that is additively
separable between consumption and liquidity services (or in the \cashless limit" discussed












where u(ct + gt) is the part of U that depends upon consumption (or the value of U in the
\cashless limit"). In this special case, the expected rate of inﬂation is the only endogenous
variable on the right-hand side of the equation.














Here I have substituted (2.17) to eliminate the stochastic discount factors, and in (2.20) have
also substituted (2.15) for the factor i=(1 +i): Let us suppose furthermore that the share of
government purchases in the total national product is bounded, i.e., that 0  gt  γyt at all
times, for some bound 0 <γ<1: Then we must have
cT  yT  (1 − γ)
−1cT






T=PT) < 1; (2.22)
where
F(y;m)  Uc(y;m)y + Um(y;m)m:
Thus both of the remaining equilibrium conditions, (2.21) and (2.22), place bounds upon
how far the price level can diverge asymptotically from proportionality to the nominal asset
supplies Ms
t and W s
t :
The transversality condition for optimal wealth accumulation can alternatively be ex-

































as a substitute for (2.21). One notes that the present value of the yT − gT terms on the
left-hand side must be nite, as a consequence of (2.22) and the assumed bound on govern-


























This condition states that the real value of net government liabilities must equal the present
value of expected future primary budget surpluses, corrected to take account of the gov-
ernment's interest saved on the part of its liabilities that the public is willing to hold in
monetary form. Note however that this relation necessarily obtains in a rational expecta-
tions equilibrium, not because we have assumed it as a constraint upon the government's
14scal policy, but rather because it follows from private sector optimization, together with
market clearing. (This point will be of considerable importance for the discussion below.)
To sum up, a rational expectations equilibrium is a collection of stochastic processes
fPt;i t;Ms
t ;Ws
t g that satisfy (2.16), (2.18), and (2.22), as well as either (2.21) or (2.24),
along with the equations specifying monetary and scal policy. These equations suce to
determine equilibrium in the case that both the monetary policy rule and the law of motion
for government liabilities given the scal policy rule can be specied without reference to
asset prices other than it: (An example of such a case is presented in the next subsection.)
Once an equilibrium (i.e., solution to these equations) is found, the implied equilibrium
processes for all other asset prices are then given by (2.17). If instead monetary and/or
scal policy cannot be specied without reference to longer-term bond prices, the necessary
bond pricing equations must be adjoined to the system of equations listed above, and the
bond prices in question added to the list of endogenous variables that are jointly determined.
2.2 A Treasury-Bill Peg
Let us now consider the equilibrium price level under a bond price-support regime. As a rst
simple example, suppose that monetary policy pegs the price of a one-period Treasury bill;
thus it is equivalent to specication of an exogenous process fitg for the short-term nominal
interest rate. We shall assume that it > 0a ta l lt i m e s . 18 Let us suppose furthermore that
scal policy is described by an exogenous primary-surplus process fstg.S i n c eyt is assumed
to be exogenous, such a scal specication might correspond to an exogenous process fgtg for
real government purchases, together with an exogenous process for a proportional tax rate
ftg; with aggregate tax collections then evolving as Tt = tPtyt: Such a specication of scal
expectations is particularly likely to apply in wartime, when government purchases vary for
reasons largely independent of the state of the economy or the government's budget, and
18The theory extends directly to the case of a zero yield, as long as preferences involve satiation in money
balances at some nite level. In that case, the equilibrium path of the price level would still be uniquely
dened, but the equilibrium money supply would be indeterminate (it could take any value greater than or
equal to the satiation level) in all periods with it =0 .
15when the government's ability to further increase tax rates may also be tightly constrained.
Suppose also, for simplicity, that the public debt consists entirely of (riskless nominal)
one-period Treasury bills. Then total government liabilities at the beginning of any period









t denotes the supply of Treasury bills at the end of period t (measured by their market
value at the time of issuance). The ﬂow budget constraint for the government implies that





t − Ptst − M
s
t :
















Our problem is now to solve for rational expectations equilibrium processes fPt;Ms
t ;Ws
t g
satisfying (2.16), (2.18), (2.22), (2.24), and (2.25), given exogenous processes fyt;i t;s tg and
an initial quantity of nominal government liabilities.
The equilibrium conditions may be solved sequentially, as follows. We rst note that
(2.16) determines the equilibrium evolution of real balances, given the exogenous processes




















Note that all terms on the right-hand side are now functions of exogenous variables. Let us
suppose that the scal expectations represented by the process fstg are such that the right-
hand side has a nite positive value.19 We then also observe that W s
t is a predetermined
19If not, and if (as we assume) Ws
t > 0; then no equilibrium is possible. This would represent a monetary-
16quantity in period t, under the scal regime specied here. Thus if W s
t > 0; there is a unique
equilibrium price level Pt > 0 that satises (2.26).














We may then apply the same reasoning in period t +1 ; solving (2.26) for Pt+1; and so
on iteratively. We thus solve for unique equilibrium processes fPt;Ws
t g, given an initial
(positive) level of government liabilities and expectations regarding the exogenous processes.
The equilibrium process for the price level then implies an endogenous evolution for the
money supply, given by (2.16), and for any other asset prices that may be of interest, given
by (2.17).
It might be thought problematic that the above construction of an equilibrium requires
that W s
t+1 turn out to be positive in all periods. But in fact it suces that the process fstg
satisfy bounds that imply that the right-hand side of (2.26) is positive at all dates. Under
this assumption, one can show that the law of motion (2.27) always yields a positive value for
W s
t+1, given a positive value for W s
t : This allows continuation of the construction forever. The
constructed series must also satisfy (2.22) in order for it to represent an equilibrium. However,
this simply requires certain bounds on the exogenous processes fyt;i tg; in particular, it
suces that F(yt;L(yt;i t)) be a bounded process.
It may also be noted that no reference to equilibrium condition (2.18) has been made
in this construction. This might lead to a suspicion that equilibrium is actually \overdeter-
mined" under the kind of policy regime that has been postulated. But in fact the equilibrium
just constructed necessarily satises (2.18). Note that if (2.26), with all time subscripts ad-
scal policy mix that is inconsistent; in equilibrium, one policy or the other would have to be expected to
deviate from the proposed specication at some point. If one supposes that the the primary surplus process
is unchangeable, this would mean that people would not be able to expect maintenance of the bill-rate peg
forever. If the 'inﬂation tax' proceeds iL(y;i)=(1 + i) are increasing in i; and expected primary decits are
too large to be consistent with the contemplated sequence fitg, an increase in the bill rate at some point
might solve the problem. On the other hand, if projected primary decits are too large, there might be no
path of bill yields consistent with the fstg process, which would then necessarily have to be adjusted. We
do not take up such cases here, but instead consider the eects of scal news within the class of processes
fstg that are consistent with the postulated bill-rate peg.
17vanced by one, is expected to determine the price level in period t + 1, it follows that in





































where the nal line uses (2.27) to substitute for W s
t+1. Thus (2.18) holds as well.
Note the eects of scal disturbances upon the price level in this equilibrium. News that
reduces the conditional expectation at date t of current and/or future values of the primary
surplus sT, results (other things being equal) in a lower positive value for the right-hand
side of (2.26). As a result, since W s
t is predetermined, the equilibrium price level Pt must
rise. Thus scal disturbances result in variations in the rate of inﬂation under such a regime.
Furthermore, the nature of the eect is consistent with the observation that the outbreak of
war in June 1950 (leading to expectations of lower government surpluses in the near future)
resulted in an increase in the U.S. price level.
This eect of scal developments on inﬂation cannot really be explained by the fact that
the money supply expands when the government budget deteriorates (or is expected to in
the future). It is true that the quantity equation (2.16) is satised at all times; but the
reason for the increase in the price level is supplied by (2.26), while (2.16) simply indicates
how much the money supply must expand given that the price level rises. Furthermore, the
fact that the price level may rise (and the money supply therefore expand) even before the
reduced surpluses actually materialize, but simply because they are expected, makes it clear
that a mechanical connection between the government budget and the monetary base is not
at work.
The principle that most directly explains inﬂation determination under such a regime is
instead the following: the price level adjusts as necessary to maintain intertemporal govern-
ment budget balance. Such a scal theory of the price level makes the connection between
18scal developments and price-level instability straightforward. The basic economic mecha-
nism is the wealth eect of scal disturbances upon private expenditure. The anticipation of
lower primary government surpluses makes households feel wealthier (able to aord a greater
sum of private and government expenditure, given their expected after-tax income and given
expected government purchases on their behalf), and thus leads them to demand goods and
services in excess of those the economy can supply, except insofar as prices rise. A sucient
rise in prices can restore equilibrium by reducing the real value of the nominal assets held
by households (which, in aggregate, are simply the nominal liabilities of the government).
Equilibrium is restored when prices rise to the point that the real value of those nominal
assets no longer exceeds the present value of expected future primary surpluses, since at this
point the (private plus public) expenditure that households can aord is exactly equal in
value to what the economy can produce.
Note that in this analysis, the inﬂationary eects of scal disturbances do not relate
primarily to changes in expected seignorage revenues. The scal eect of the change in
the real valuation of nominal government liabilities is also an important consequence of
inﬂation; and this eect may well be the more important one for high-debt economies with
sophisticated nancial markets.
Indeed, the equilibrium just described remains well-dened in the limiting case of a \cash-
less" economy. By this I mean an economy in which the transactions frictions responsible
for the demand for cash balances are negligible.20 In this limiting case, seignorage becomes
negligible relative to the size of the government budget, and variations in real balances (in
percentage terms) come to have a negligible eect on the marginal utility of income. This
means that the marginal utility of income may be expressed simply as (ct+gt); a decreasing
function of total (private and public) purchases; that total nominal liabilities Wt correspond
simply to the value of (interest-earning) public debt; and that the primary budget surplus
need not be corrected to include interest savings on the monetary base in the evolution
20See Woodford (1998a) for a more formal analysis.

















t − Ptst] (2.29)
respectively. This pair of equations can be solved recursively to obtain unique equilibrium
sequences fPt;Ws
t g, just as in the discussion above.
2.3 An Extension to Longer-Term Government Debt
A similar analysis is possible of price-support regimes with debt of longer duration, at the
price of greater algebraic complexity. Here I consider a single, relatively simple case that
illustrates the main new element introduced by longer-term debt: the fact that W s
t is in
general no longer completely predetermined, as it will depend upon the market value at t
of government debt that has not yet matured. In this simple case, I shall suppose that all
government debt consists of perpetuities with coupons that decay exponentially. Specically,
I suppose that a bond issued in period t pays j dollars j + 1 periods later, for each j  0
and some decay factor 0  < −1: The classic \consol" is a security of this kind, with
 =1 : More generally, in an environment with stable prices, the duration of such a bond is
(1 − )−1: Thus our simple assumption allows us to analyze bonds of arbitrary duration.
At the same time, we need consider the equilibrium price at each point in time of only one
type of bond, because a bond of this type that has been issued k periods ago is equivalent
to k new bonds. Let Qt be the price in period t of a new bond. (Note that the bond's
yield-to-maturity is a monotonic function of this, given by Q
−1
t − (1 − ):)
Now let us consider a price-support policy under which the central bank xes the price of
this bond each period. To simplify the analysis, let us suppose that fQtg is an exogenously
specied deterministic positive sequence.21 Then arbitrage considerations determine a unique
21This assumption still allows us to consider the eects of a one-time surprise change in monetary policy,
after which households are assumed to have perfect foresight about the economy's path. In the case of small
enough random ﬂuctuations in the bond-price targets, the eects of random variations in bond prices are
approximately the same as in this perfect-foresight analysis, but the extension is not taken up here.






(I assume that the bond-price targets satisfy Qt+1 > −1(Qt − 1) at all times, so that the
implied short-term interest-rate sequence satises it > 0:) The policy is thus equivalent to
a Treasury-bill peg corresponding to this particular sequence, and we may solve for the
equilibrium price level as above.
If the public debt consists solely of this single type of bond, the value of total government









t denotes the quantity of the geometrically decaying bonds outstanding at the
end of period t. When >0; the dependence upon Qt means that W s
t is no longer a
predetermined variable. Nonetheless, W s
t depends only upon the predetermined variables
Ms
t−1;Bs
t−1 and the exogenous variable Qt. Given the specication of monetary and scal
policy from date t onward, and the predetermined values of Ms
t−1;Bs
t−1; there is a uniquely
determined value for W s
t . There is also a uniquely determined value for the right-hand side
of (2.26), given the uniquely determined sequence fiTg just discussed. Thus (2.26) continues
to uniquely determine the equilibrium price level Pt.
The money supply in period t is determined by money demand given this price level,
M
s
t = PtL(yt;i t); (2.30)









t−1(1 + Qt) − Ptst − PtL(yt;i t)]: (2.31)
These equations then determine a value for W s
t+1 in the following period, given the exoge-
nously specied value for Qt+1: One can then use (2.26) to solve for Pt+1; and so on, iterating
on the system of equations comprised by (2.26), (2.30), and (2.31). Once again, we assume
21monetary/scal commitments such that the right-hand side of (2.26) is positive and nite
at all times. Then if we start from initial conditions that imply a positive value for W s
t at
some initial date, the implied price level and the implied value of total government liabilities
will also be positive at all later dates.
Thus the basic logic of price-level determination remains the same in this case. The
main dierence that longer-term debt makes is in the case of an unexpected change in the
sequence of bond-price targets expected to be maintained from some date t onward. In
the case that all debt is short-term, W s
t is predetermined, and is thus unaected by an
unexpected change in monetary policy (current or future interest-rate expectations) at date
t. A change in monetary policy then cannot aect the price level immediately, except insofar
as it aects the present value of future budget surpluses (including the government's interest
savings on the monetary base). This means that in the case of a high-debt economy, in
which means for economizing on cash balances are also well-developed, the main eect of
an increase in nominal interest rates by the central bank will be a faster rate of growth of
nominal government liabilities, resulting in faster inﬂation. (This can be clearly seen in the
case of the \cashless limit" discussed above.) Yet such a result makes it puzzling that in
early 1951, the Fed wished to suspend its commitment to keep interest rates low, in order
to contain the increase in prices underway at that time. (It would seem instead, under the
present analysis, that an increase in nominal interest rates would only make the price level
grow even faster.)
Allowing for longer-term government debt changes this conclusion. A decision to increase
target bond yields lowers Qt; and so lowers the value of W s
t for any given predetermined values
Ms
t−1;Bs
t−1 > 0: In the absence of any change in the value of the right-hand side of (2.26),
the increase in bond yields would therefore require a decline in the equilibrium price level Pt.
In fact, the eects of interest-rate changes on the present value of future surpluses are likely
to be small; in the \cashless limit", the right-hand side of (2.28) is completely independent
of monetary policy. Thus in the case of greatest interest, an increase in bond yields will be
associated with deﬂation, initially, though it will also lead to faster subsequent growth of
22nominal government liabilities, and consequently to a higher eventual price level. (It is this
expectation of higher goods prices in the future that justies the immediate decline in bond
prices.)
The theory just expounded has several appealing features as a model of the U.S. bond
price-support regime of the 1940s. First of all, it can explain why a regime that sought
to x nominal interest rates was consistent with relatively stable prices for so many years.
Conventional theories of interest-rate pegs generally imply that such policies should lead to
severe price instability. According to the familiar (Wicksellian) view summarized by Fried-
man (1968), an attempt to peg nominal interest rates should lead to either an inﬂationary or
a deﬂationary spiral, requiring the peg to be abandoned before long. According to Sargent
and Wallace (1975), instead, it should lead to indeterminacy of the rational expectations
equilibrium price level, so that ﬂuctuations in inﬂation may occur as a pure result of self-
fullling expectations. The relative stability of prices in the 1940s is a puzzle from either
point of view. In particular, it is striking that people continued to be willing to hold long-
term U.S. Treasury securities at low nominal yields (below 2.5 percent per year) during the
temporary high inﬂation (a 25 percent annual rate) of 1946-47; evidently there was little fear
that this indicated that the price-support regime would generate chronic inﬂation, let alone
an explosive Wicksellian \cumulative process".
Friedman and Schwartz (1963, pp. 583-585) hypothesize that people did not expect inﬂa-
tion to continue because previous post-war periods (such as that following World War I) had
been associated with deﬂation.22 But it is unclear why post-war periods should be expected
to bring about deﬂation in the absence of a commitment to return to the gold standard at
a pre-war parity, which there was no reason to expect following World War II. Eichengreen
22However, they also discuss a mechanism closely related to the one analyzed here, when they discuss the
role of the government's budget surpluses. \Had the federal government not run a surplus, the public, with
its accumulated liquid assets and pent-up demand, would have tried to spend more in the post-war period
than it received,... [This] would have tended to raise prices and incomes and so would have reduced the level
of liquid assets relative to income by this inﬂationary route.... As it was, the federal surplus enabled some
reduction of liquid assets relative to income to be achieved without inﬂation" (p. 583). However, Friedman
and Schwartz expound their idea in terms of eects of the government budget on \the market for loanable
funds," rather than a general-equilibrium analysis in terms of its eect upon private budget constraints, of
the kind presented here.
23and Garber (1991) instead propose that the policy regime of the early post-war period was
actually an \ implicit target zone" for the price level, with the price level maintained within
the zone by an expectation of intervention should the boundaries ever be reached, even
though little intervention was observed during these years. But such a hypothesis explains
the behavior of the price level in terms of a purely hypothetical commitment to interventions
that were not actually observed; it is hard to see why the public should have had condence
in such a presumed commitment. The explanation oered here, instead, depends only upon
credibility of the commitment to interest-rate targeting (which commitment was being con-
tinuously demonstrated by the Fed's actions), and beliefs about the exogenous evolution of
primary budget surpluses (which again required only a simple extrapolation into the future
of the policy that could already be observed).
The model can also explain the variations over time in the degree to which the regime
generated inﬂation, at least broadly speaking. During World War II, the regime was inﬂa-
tionary, though much of the inﬂation was suppressed by a system of price controls, until
their removal in 1946. This corresponded to a period of time in which large government
decits turned out to be necessary that would not initially have been expected. The tran-
sitory burst of inﬂation in 1946-47 represented delayed price adjustment once the wartime
controls had been removed, rather than a demand-driven inﬂation. Once this adjustment
had occurred, the regime was actually moderately deﬂationary in the early post-war period.
The model predicts that pegging nominal interest rates at a low rate, with expectations of
primary surpluses sucient to make these interest rates consistent with equilibrium, should
lead to steady mild deﬂation as the nominal liabilities of the government contract over time.
Finally, inﬂation took o again suddenly in the second half of 1950, following the outbreak of
war in Korea. The model explains why such a sudden change in expectations regarding the
government budget should be inﬂationary. Furthermore, it can explain why the outbreak of
war was able to cause inﬂation even before any large budget decits materialized.23 It is the
23Note that the U.S. government budget continued to be in surplus during the second half of 1950 (Tim-
berlake, 1993, p. 313).
24present value of current and expected future surpluses that matters in equation (2.26); be-
cause of the crucial role of scal expectations in this theory, it is completely understandable
that the outbreak of war should aect inﬂation before even it has signicantly changed the
government budget.
The model also oers an explanation for the abandonment of the price-support regime
after March 1951. As just explained, the model implies that such a regime should lead to
inﬂation when previously unexpected decits come to be anticipated.24 The Fed's complaint
that the regime had become an \engine of inﬂation" was justied, given the return to wartime
scal policy. Furthermore, the model (in the version with long-term bonds) implies that an
increase in bond yields should have been able to mitigate the degree to which prices needed
to rise in the short run, following the revision of scal expectations. Hence the Fed's interest
in allowing bond yields to rise above the 2.5 percent ceiling, in order to contain inﬂation.
The model implies that, in the absence of any change in scal expectations, the change in
monetary policy actually implied greater eventual increases in the price level, though the
suspension of the bond price-support policy allowed them to be delayed in time. Given the
inﬂation that did in fact occur in the years subsequent to the \Accord", it would be hard to
call this an inaccurate prediction.25
Finally, the model oers insight into why a policy regime of this kind would be appealing
as an approach to war nance. First of all, the regime is one which loosens the constraint
upon scal policy required for consistency with stable prices. Note that equilibrium condition
(2.26) must hold in the case of any monetary and scal policies; the right-hand side is simply
not always a function of purely exogenous variables. This implies that only a certain specic
value for the expected present value of future primary government budget surpluses will
be consistent with maintaining a price level Pt+j = Pt−1 for all j  0: The bond price-
24In the ﬂexible-price model set out above, the price-level increase resulting from any single change in scal
expectations occurs immediately, as soon as information changes. However, in a more realistic sticky-price
extension of the model (expounded in Woodford, 1996), the price increase is predicted to be more gradual,
and to be associated with high output during the period of adjustment.
25Toma (1997, pp. 109-110) similarly interprets the Treasury-Fed \Accord" of March 1951 as a \default"
on the government's previous \commitment to long-run monetary constraint" under the bond price-support
regime. See also Grossman (1990).
25support regime, as modeled here, instead allows that present value to vary arbitrarily in
response to scal shocks, within certain bounds. Such ﬂexibility would obviously be quite
valuable during wartime in particular. At the same time, the regime is one under which
inﬂation variations are expected to be transitory; even when news of government budget
shortfalls results in inﬂation, people can be condent (insofar as they expect equilibrium to
be determined as described here) that inﬂation will quickly return to a stable (and quite
low, possibly negative) long-run level. Such stable long-run inﬂation expectations would be
valuable to a government needing to issue large quantities of long-term bonds exactly at a
time when (because it has just been learned that the government's scal needs are more
dire than previously anticipated) prices are currently rising. From this point of view, the
Treasury's pressure upon the Fed to cooperate with such a regime during World War II
would hardly be surprising.
3 Ricardian and Non-Ricardian Fiscal Policies
Before turning to the policy implications of this view of the eects of scal policy on inﬂation,
it is appropriate to address some questions that may arise about the logic of the analysis
just presented. One of the most obvious of these is, why should not Ricardian equivalence
imply that scal disturbances have no eect upon aggregate demand, and hence no eect
upon the price level?
The answer is that the usual argument for Ricardian equivalence assumes that changes
in the government budget must involve no change in the present value of current and future
budgets. (It is asserted, for example, that a current tax cut nanced by government bor-
rowing is necessarily accompanied by the expectation of tax increases at some later date or
dates, of equal present value.) If this is so, then then equation (2.26) is satised by the same
price level Pt as would have been the case in the absence of the scal disturbance. We would
then indeed nd that there should be no eect upon the price level of any such event. We
have reached a dierent conclusion above because we have assumed that when war breaks
out unexpectedly, this news reduces the present value of expected future budget surpluses.
26We have thus considered a type of scal disturbance that Ricardian theory assumes cannot
occur.
L e tu sc a l la s c a lp o l i c yc o m m i t m e n tRicardian if it implies that the present-value
relation (2.24), or equivalently the transversality condition (2.21), necessarily holds for all
possible goods-price and asset-price processes.26 As an example of how this could be so,









for some coecient 0 < 1: This rule states that the primary budget surplus is chosen
to pay o a certain positive fraction of existing government liabilities each period, but that
the required surplus is adjusted to take account of the government's interest savings on the
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26This diers slightly from the denition of Ricardian policy originally proposed in Woodford (1995).
There policy was dened to be Ricardian if it ensured that the value of the interest-earning public debt
(as opposed to total government liabilities) satised a transversality condition. My reason for the original
proposal was that I wanted to argue that the Ricardian postulate was implicit in standard quantity-theoretic
analyses of price-level determination; the denition was therefore tailored to include a policy regime with an
exogenous money supply and zero government debt at all times as an example of \Ricardian" policy. Such
a regime is not Ricardian in the sense used here, since for price-level paths involving sucient deﬂation, real
balances would grow rapidly enough to violate the transversality condition (2.21); and this fact can be used
to exclude deﬂationary paths that would otherwise satisfy all conditions for rational expectations equilibria
(see, e.g., Woodford, 1999a, sec. 4.2). The denition of Ricardian policy used here, and in references such
as Benhabib et al. (2000a), is conceptually preferable, as it denes the case in which the transversality
condition ceases to play any role in equilibrium determination.
27and hence that the transversality condition (2.21) holds, regardless of the paths of any of
the endogenous variables. This condition plus the fact that (3.2) holds at all times can also
be used to show that (2.24) necessarily holds.
In such a case, neither (2.21) nor (2.24) places any additional restrictions upon possible
equilibrium paths for goods prices or asset prices. Rational expectations equilibrium is then
dened simply by satisfaction of conditions (2.16), (2.18), and (2.22), along with the equation
specifying monetary policy. None of the rst three equations involves any scal variable (such
as the government budget or the size of the public debt). Then if the monetary policy rule is
autonomous in the sense dened above, the nal equation is independent of all such variables
as well, and the complete system of equations available to determine the equilibrium path
of the price level is independent of all scal variables.
We thus obtain the Ricardian Equivalence proposition: if monetary policy is autonomous,
the set of possible rational expectations equilibrium processes for goods and asset prices is
the same for all alternative scal policy specications within the Ricardian class. If monetary
policy suces to uniquely determine equilibrium in such a case, then a change in scal policy
does not change the equilibrium path of prices. More typically, there will be a set of possible
equilibrium price processes; but as the set is the same for each possible scal policy, one
might suppose that the same equilibrium should be selected regardless of scal policy.27
We have obtained a dierent result in the previous section because we have instead as-
sumed a non-Ricardian scal policy specication. In the case of an exogenous real primary
surplus process fstg, most paths for the price level and the nominal interest rate | even
most of the paths that are consistent with the other requirements for rational expecta-
tions equilibrium | will not imply dynamics for total government liabilities that satisfy the
transversality condition (2.21). Unlike what is assumed in (3.1), in the previous section we
did not assume that the government budget would be automatically adjusted in response to
changes in the level of total liabilities, so as to keep the latter quantity from growing explo-
27In fact, I shall argue below that there may instead be good reasons for scal variables to aect the
equilibrium selection in such a case. See section 3.2.
28sively. The consequence is that only certain price-level paths will result in the transversality
condition nonetheless being satised; these are those that satisfy condition (2.26). Hence the
latter becomes a condition for equilibrium, making scal expectations relevant to price-level
determination.
3.1 Mustn't Fiscal Policy Satisfy an Intertemporal Budget Con-
straint?
The explanation just oered raises questions of its own. It may be doubted whether it
is in fact possible for scal policy to be anything other than Ricardian; if not, Ricardian
equivalence should indeed hold (and the qualication about \Ricardian" scal policies may
be omitted).
A common objection to the logical possibility of a non-Ricardian scal policy is to assert
that condition (2.24) is nothing but the intertemporal budget constraint of the government;
it is argued that government policy must be expected to satisfy this constraint, regardless
of what prices the government faces, just as in the case of private households and rms. It
would then follow that scal policy must necessarily be Ricardian.
It is true that general equilibrium models always assume that private households and
rms optimize subject to a set of budget constraints that imply an intertemporal budget
constraint, though they may be even more stringent (as it may not even be possible to
borrow against all of a household or rm's expected future income). But it is not obvious
that government scal policy must be modeled as subject to a similar constraint, for the
situation of a government is dierent from that of a private agent in certain important
respects.
First of all, if private agents were allowed to borrow (by issuing debt that promises to pay
a market rate of return) without any limit related to the amount that their expected future
income should make it possible for them to eventually repay, then an equilibrium would be
impossible. For no plan involving nite amounts of borrowing and consumption at each date
will be optimal for such an agent; it would always be preferred to borrow and consume even
29more, simply rolling over the additional debt forever. And if demands are unbounded at any
prices, there cannot be any market-clearing prices. But there is no similar problem with a
general equilibrium model in which government policy is assumed to be specied by a rule
that does not satisfy a corresponding intertemporal budget constraint. As the example in
the previous section shows, one may specify non-Ricardian policy rules that are nonetheless
consistent with the existence of a rational expectations equilibrium.
Indeed, it is not even necessary, at the level of general principle, for an intertemporal
budget constraint of the form (2.24) to be satised in equilibrium. The famous overlapping
generations model of Diamond (1965) describes a situation in which (because the equilibrium
real rate of return does not exceed the economy's growth rate) it is possible for a government
to nance transfers to an initial old generation by issuing debt that it then \rolls over"
forever, without ever raising taxes. Of course, in the setting assumed above, condition
(2.24) is a requirement for equilibrium, and the Diamond result that it is possible to violate
this condition in equilibrium depends upon a number of rather special assumptions (even
once one has granted that people are nite-lived), as explained in Santos and Woodford
(1997).28 But this is a consequence of optimal wealth accumulation by households, not of
any constraint upon government borrowing programs other than the requirement that in
equilibrium someone has to choose to hold t h ed e b tt h a tt h eg o v e r n m e n ti s s u e s .
Even if we wish to analyze the behavior of an optimizing government, the government
should not optimize subject to given market prices and a given budget constraint, as private
agents are assumed to in the theory of competitive equilibrium. For the government is a large
agent, whose actions can certainly change equilibrium prices, and an optimizing government
surely should take account of this in choosing its actions. Such a government should also
understand the advantages of committing itself to a rule (given the way that expected future
government policy aects equilibrium), and should consider which rule is most desirable by
28Note that the possibility of rolling over government debt forever implies the possibility of an equilibrium
involving an asset pricing \bubble"; the same people who hold the government debt in the debt roll-over
example can hold the "bubble asset" instead. Thus the Santos-Woodford results on the fragility of examples
with \bubbles" also apply to the possibility of rational expectations equilibria in which (2.24) is violated.
30computing the equilibria that should result under commitment to one sort of policy rule or
another. Advice to such a government would then involve computing such equilibria under
the assumption of one rule or another, as an input to the government's deliberations about
optimal policy. There would be no reason to exclude non-Ricardian regimes from the rules
that are considered in such an exercise, in those cases where they are in fact consistent with
an equilibrium.29
Thus far I have addressed only the question of whether a commitment to satisfy an
intertemporal government budget constraint is a logical necessity, as suggested by authors
such as Buiter (1998, 1999). A subtler question is whether it makes sense to suppose that
actual market institutions do not actually impose a constraint of this kind upon governments
(whether logically necessary or not), given that we believe that they impose such borrowing
limits upon households and rms. The best answer to this question, I believe, is to note that
a government that issues debt denominated in its own currency is in a dierent situation
than from that of private borrowers, in that its debt is a promise only to deliver more of
its own liabilities. (A Treasury bond is simply a promise to pay dollars at various future
dates, but these dollars are simply additional government liabilities, that happen to be non-
interest-earning.) There is thus no possible doubt about the government's technical ability
to deliver what it has promised; this is not an implausible reason for nancial markets to
treat government debt issues in a dierent way than the issuance of private debt obligations.
Furthermore, no one would doubt the ability of a government to issue an arbitrary amount
of currency, without any commitment to retiring it from circulation (e.g., by running budget
surpluses) at some later date. Market participants do not consider whether newly issued
government liabilities of this kind exceed some bound on what it is considered prudent for
29Woodford (1998c, section 5) gives an example of a case in which a non-Ricardian policy regime { one
quite similar to our description above of a bond price-support regime, in fact { provides a simple way
of implementing the Ramsey-optimal allocation of resources. (See also Sims (1999) and Christiano and
Fitzgerald, 2000.) I do not wish to dwell upon this case here, as I do not wish to suggest that such a regime
is likely to be a desirable policy commitment in general. But the example illustrates the point that the mere
wish to hypothesize that government policy is optimal, from the point of view of some coherent objective
that the government happens to pursue, is not in itself a reason to exclude the possibility of non-Ricardian
policy.
31the government to issue before deciding whether to accept them as payment for real goods
and services; instead, each agent makes an individual decision about the terms on which
to accept such government paper, that depend upon the expected rate of return on the
asset in equilibrium. An issuance of further monetary liabilities by the government, without
any increase in the real money balances that the private sector wishes to hold, requires an
increase in the price level (reduction in the exchange value of the government paper) in order
for the market to clear; but this is a condition for market equilibrium given the government's
policy, and not a precondition that must happen to hold for other reasons in order for the
government to be able to create additional money. All this is a familiar way of thinking
about monetary nancing of the government budget. But what is fundamentally dierent
about the issuance of interest-earning debt, when this is simply a promise of future delivery
of money?
A useful analogy is suggested by Cochrane (2000) and Sims (1999). Consider the equi-
librium valuation of the stock of a company that pays no dividends, and instead distributes
its earnings to its shareholders entirely through share repurchases. (The example may seem
fanciful, but in fact share repurchases have become a more important source of distributions
to shareholders in the case of some U.S. stocks, such as Microsoft, and the tax code favors
this development.) The correct (beginning-of-period) equilibrium share price qt for such a









where St is the number of shares outstanding at the beginning of period t, et is the total
earnings of the company used to nance share repurchases in period t,a n d(yt) is again
the marginal utility of (real) income in period t. (I here assume the \cashless limit", as is
standard in nancial economics.)
The argument for this valuation equation is simple. If the earnings stream fetg were
instead paid out in the form of dividends, the valuation formula (3.3) would follow from






meaning that during period t, each owner of a share of the stock receives a distribution of
t additional units, followed by a repurchase of (1+t)et=qt shares of the outstanding stock.
Under this alternative policy, the total payout by the company during period t is again equal
to et (because the price per share after the split is qt=1+t), and the value of the distribution
per share is again et=St. The same prices and portfolio allocations then continue to describe
an equilibrium; it should not matter whether the distribution is called a distribution of stock
followed by a repurchase of exactly the number of new shares just issued, or a cash dividend.
On the other hand, the fact that the stock splits at exactly the rate (3.4) should be
irrelevant to its valuation. Whatever the process fTg describing the expected rate of split-
ting for dates T  t; the equilibrium evolution of the total value of the company's stock
qtSt should be the same, as long as the process feTg describing the total resources used to
nance repurchases remains the same. Thus (3.3) should continue to apply, regardless of
the splitting policy. Note that for any given process feTg specifying the funds available for
repurchases, and any given process fTg describing the rate of splitting, the evolution of the
number of outstanding shares fSTg is given by the accounting identity
St+1 =( 1+t)[St − et=qt]: (3.5)
Equations (3.3) and (3.5) then jointly describe the evolution of the endogenous variables
fqt;S tg under a rational expectations equilibrium. Note that the equilibrium valuation qt
implied by (3.3) is necessarily such that (3.5) implies a positive number of outstanding shares
at the beginning of the following period, so that these two equations can be solved recursively
forever, yielding a positive equilibrium share price at all dates.
One may now observe a formal analogy between equations (3.3) and (3.5) for the valuation
of the zero-dividend stock and equations (2.28) and (2.29) for the equilibrium valuation of
nominal government liabilities (also in the \cashless limit"). To the variable St in the stock
example there corresponds W s
t (the number of dollar claims on the government outstanding
33at the beginning of period t); to qt there corresponds 1=Pt (the exchange value of each dollar's
worth of public debt); to et there corresponds st (the stream of \earnings" used to retire
public debt); and to t there corresponds it (the rate at which additional dollar claims are
distributed to the holders of existing claims).
The advantage of considering this analogy is that it is clear in the stock case that (3.3) is
an equilibrium condition that determines the share price, given earnings expectations (that
may well be causally independent of the evolution of the company's stock value), and not a
constraint upon possible corporate policies. There is no requirement, enforced by the nan-
cial markets, that the company generate earnings that validate whatever market valuation
of its stock may happen to exist. Indeed, if the company's earnings were to be determined
by such a requirement, its equilibrium share price would come to be indeterminate,j u s t
as the equilibrium price level is indeterminate under a bond-price support regime, if the
government budget is determined by a Ricardian rule such as (3.1).
The analogy is also deeper than a mere similarity of algebraic form. The economic mech-
anism that ensures that (3.3) must hold in equilibrium is in fact the requirement that house-
holds must exhaust their intertemporal budget constraints if they are behaving optimally; a
stock valuation qtSt in excess of the present value of future corporate earnings would imply
that households should believe themselves wealthy enough to purchase a stream of goods
with greater value than the economy's product (the source of corporate earnings), which (if
households exhaust their budget constraints) will be inconsistent with goods market clear-
ing.30
Finally, the stock analogy provides an answer to a common question about the scal
theory of the price level: What is special about the government, that its budget should
be able to determine the equilibrium price level (under policy regimes like the bond price-
support regime analyzed above), and not that of any other person or organization? The
30Above, I have instead presented a heuristic argument for (3.3), starting from the standard present-
value theory in the case that all distributions are cash dividends. But that latter theory relies upon the
requirement that households exhaust their intertemporal budget constraints in order to exclude the possibility
of an equilibrium pricing \bubble"; see, e.g., Santos and Woodford (1997).
34answer is not simply that national governments routinely issue liabilities that entitle the
holders only to the receipt of further similar liabilities in the future; as we have seen, a
private organization such as Microsoft could do this as well, in principle. (It would call
its liabilities \stock" rather than \debt" in such a case.) The other crucial special feature
of a national government is that prices are commonly quoted in units of its liabilities, i.e.,
in terms of the national currency. If it happened that prices of goods and services were
routinely quoted in units of Microsoft stock, say, then it would indeed be Microsoft's budget
that would determine the price level, and not that of the federal government.
3.2 Consequences of a Government Borrowing Limit
Finally, even if one supposes that markets do impose a limit on how much a government
can borrow, it is not clear that this invalidates the analysis given above of the way in which
scal developments determine the equilibrium price level under a bond price-support regime.
Suppose that there is a nite level of real public debt (the determination of which we shall
not model here) beyond which new debt issues will simply not be purchased. This would
mean that it is not possible for a government to refuse to adjust its budget when its debts
grow too large; thus a purely exogenous primary surplus process, as assumed in section 2,
would be precluded.
For the sake of concreteness, suppose that there is an upper bound on the possible end-
of-period value of outstanding government liabilities, so that government borrowing must






at all times, for some nite positive bound  d: (For simplicity, I shall assume in the discus-
sion to follow that government debt consists entirely of single type of bond with geometric
coupons, the price of which is Qt:) This implies a lower bound st  wt −  d upon possible
levels of the real primary surplus, where wt  W s
t =Pt is the real value of beginning-of-period
government liabilities. We may similarly imagine that there should be a lower bound on
the value of end-of-period liabilities as well (not so much because the private sector will
35not allow unlimited government lending, but because we may suppose that governments will
never actually be so generous); for simplicity, let us suppose that this is zero. This would
imply an upper bound upon feasible primary surpluses as well, st  wt; the value that would
leave the government with no net liabilities at the end of the period.31 Then the fact that






  d (3.6)
implies that the primary surplus process fstg would have at all times to satisfy the bounds
wt −  d  st  wt: (3.7)
Condition (3.6) implies that in any equilibrium
−Et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so that expression (3.8) must be bounded above and below by the initial and nal terms in the
previous series. But equilibrium condition (2.22) implies that the initial term must converge
to zero as T is made unboundedly large; and for all interest-rate paths fiTg satisfying bounds
sucient to imply that f(yT;i T)g is uniformly bounded,32 the nal term must converge
to zero as well. Thus (3.8) must converge to zero as T becomes large as well, and the
31As noted earlier, this bound would already imply some government lending, but the government would
discount private obligations only in the amount that the central bank could hold as backing for the monetary
base.
32This assumption is certainly not problematic in the case of a bond price-support regime which implies
bounds on interest rates that are independent of the evolution of goods prices.
36transversality condition (2.21) is necessarily satised. It follows that any scal policy that
satises the bounds (3.7) at all times is essentially Ricardian;33 and condition (2.24) places
no restrictions upon possible equilibrium paths of the price level.
Nonetheless, scal disturbances might well aect the price level. To see why, let us con-
sider a modied version of our previous analysis of the bond price-support regime. Suppose
that the government's \desired" real primary surplus evolves according to some exogenous
stochastic process f stg as assumed earlier, and that the actual budget surplus equals this,
except when one of the bounds in (3.7) would be violated; in the latter case, the real primary
surplus is equal to the bound. Thus under this scal regime,




wt if wt <  st
 st if  st  wt   st +  d
wt −  d if wt >  st +  d
Otherwise, policy is as assumed earlier: there is a single type of interest-earning government
debt (with geometric coupons), and monetary policy is specied by an exogenous bond-price
sequence fQtg.
Note that as long as the ﬂuctuations in f stg are small enough (or the bounds (3.7) are
loose enough), the equilibrium presented earlier is still a rational expectations equilibrium
under the modied specication of scal policy. This is because the equilibrium described
earlier does not involve explosive growth of the real public debt. If the bounds (3.7) would
not have been violated in equilibrium in any event, stipulating that scal policy must respect
those bounds does nothing to exclude an equilibrium of that kind.
Thus one still can have an equilibrium in which scal disturbances aect the price level;
this is simply no longer the only equilibrium. However, it continues to be a locally unique
equilibrium, in the following sense: it is the only equilibrium in which the state variable
f(Ms
t + QtBs
t)=Ptg remains forever in the interior of the interval (3.6). Thus there is no
other equilibrium \near" this one in the sense of involving nearby values for all endogenous
33The qualication is that the transversality condition has not been shown to hold for all possible price-
level and interest-rate paths, but only those that satisfy certain bounds on interest rates and the equilibrium
condition (2.22). But this near-Ricardian property suces to imply that the transversality condition, or
alternatively condition (2.24), places no additional restrictions upon the possible equilibrium paths of the
price level, given a monetary policy that maintains interest rates within the assumed bounds.
37variables (including this one) at all times. This concept of local uniqueness or determinacy
of equilibrium suces, for example, for the usual sorts of \comparative statics" analyses of
the eects of perturbations of the model (see, e.g., Woodford, 1998a, 1999a).
If we are simply interested in the existence of a determinate equilibrium in which scal
disturbances aect the price level, then the global specication of the scal policy rule does
not matter: all that matters is how the government's budget would be dierent in the case of
price-level and asset-price paths that are close to the equilibrium paths. It thus only matters
that scal policy be locally non-Ricardian:34 that the dynamics of the public debt be locally
explosive, for most price-level paths near the equilibrium path. The existence of debt limits
such as (3.6), that eventually constrain the growth of the public debt in the case of paths
far from the equilibrium in question, do nothing to interfere with this.
Despite this conclusion, under scal policy of the type just described, Ricardian Equiv-
alence holds, when properly understood. The set of possible state-contingent equilibrium
paths is the same regardless of the evolution of the desired primary surplus process f stg.
But under this policy regime, the set of equilibrium price processes is quite large; among the
possibilities is a solution in which the price level happens to ﬂuctuate at the same time as
unexpected changes in the desired primary surplus.
In order to illustrate the multiplicity of possible equilibria, it is useful to further specialize
our example, and consider the case in which  st = s>0 forever, Qt =  Q<(1−)−1 forever,
and yt = y>0 forever. Let  {>0 be the constant nominal interest rate implied by the
bond-price target, and  m  L( y; {) be the implied stationary equilibrium level of real money











so that an equilibrium of the kind described earlier exists, and remains forever within the
interior of the bounds (3.7). To simplify, let us consider simply the set of perfect foresight
34This is what Leeper (1991) calls \active" scal policy; his denition is for a specic parametric family of
scal policy rules, but his more general intent seems to be the one identied here. Note that his analysis of
equilibrium is purely local, in that he relies upon linear approximations to the equilibrium conditions, and
considers only non-explosive solutions. See Woodford (1998a) for further discussion of \locally Ricardian"
and \locally non-Ricardian" policies.
38(deterministic) equilibria (p.f.e.) consistent with such a regime.
Given an initial condition W s
0  Ms
−1 +  QBs










for all t  0, and the transversality condition
lim
t!1
twt =0 ; (3.11)








A graph of the right-hand side of (3.10) is shown in Figure 2. Under assumptions (3.9),































In addition to these three solutions with a constant level of real government liabilities, there
exists a continuum of non-stationary solutions to the dierence equation. In particular, for
any choice of w0 > 0; the sequence can be continued forever. (An example of a non-stationary
solution with w <w 0 <  w is shown in the gure.) Because the implied sequence fwtg is
necessarily bounded, the transversality condition (3.11) is necessarily satised, and as long
as w0 > 0; the implied price sequence is forever positive. Thus this entire continuum of
solutions represents alternative possible p.f.e. under such a regime.
One of these solutions, the one with wt = w forever, is the scalist equilibrium discussed
earlier. Previously, when we assumed that st = s at all times, this was the only possible
equilibrium; in that case, the corresponding graph would continue the steep center segment









Figure 2: Perfect foresight debt dynamics.
w0 6= w would be explosive, and would violate (3.11). With the assumed bounds on govern-
ment liabilities, this is no longer true. For example, another equilibrium is the one shown in
the gure, in which the price level is initially (and forever after) lower than in the scalist
equilibrium. This lower price level is sustained as an equilibrium by people's (correct) expec-
tations that the exploding public debt will eventually lead to a scal consolidation, following
which primary surpluses are increased. Anticipation of this leads to feel less wealthy, so that
lower prices are required for goods markets to clear.
But the scalist equilibrium is still the only equilibrium in which neither bound in (3.6)
is ever binding; thus this equilibrium is locally isolated, as mentioned above. One may also
observe that none of the other p.f.e. are locally unique; corresponding to any equilibrium
40like the one with an exploding public debt shown in Figure 2, there exist an innite number
of other equilibria arbitrarily close to it (in the sense that the price level and other variables
are nearly the same, but not exactly the same, at all times as in this equilibrium). Slightly
dierent expectations about the size and timing of the eventual scal consolidation are
equally consistent with equilibrium.
Given the existence of a multiplicity of possible self-fullling expectations, an obvious
question is whether the scalist equilibrium remains a plausible equilibrium selection, under
a regime of the kind just described. This is presumably what McCallum (1998) means
to challenge, in arguing that the scalist equilibrium is a \bubble equilibrium". However,
what constitutes a \bubble equilibrium" is often in the eye of the beholder; one might at
least as easily say that the equilibrium shown in Figure 2 is a \bubble equilibrium", as the
higher value of the public debt is sustained by self-fullling expectations of a future scal
consolidation. Here I present an argument for why expectations might naturally coordinate
upon the scalist equilibrium.35
Essentially, I would argue that the scalist equilibrium is an especially plausible focal
point for households' expectations, because it involves simpler scal expectations than the
other possible equilibria. More formally, one may note that these particular expectations
are ones that households could converge upon through an Evans-Ramey (1998) process of
\expectation calculation". Evans and Ramey dene an intuitively plausible form of iterative
renement of expectations, in which people make use of their knowledge of a true model
of the economy to decide what to expect should happen in equilibrium. The process is one
which converges | if it converges | to a rational expectations equilibrium (r.e.e.); Evans and
Ramey are instead interested in the kind of approximate r.e.e. that may result from iterating
only a nite number of times, owing to \calculation costs". One might alternatively use the
same analysis to consider the stability of alternative r.e.e. under the calculation dynamics,
35It is worth noting that in the present example, there is no \monetarist equilibrium" (the selection
principle that McCallum would instead prefer), because of the endogeneity of the money supply. Rational-
expectations monetarist analyses generally argue that the price level should be indeterminate under a mon-
etary policy of the kind considered here.
41and use this judge whether a given equilibrium is likely to be reached in practice.
Such an analysis begins with a mapping of expectations into equilibrium outcomes. To
simplify, I shall suppose that there is no uncertainty about the deterministic paths of real and
nominal interest rates, as these are the same in each of the continuum of perfect foresight
equilibria just described; I shall only consider the coordination of expectations upon one
expected path or another for the primary budget surplus fstg. In the model just considered,
a household's optimal plan for the sequences fcT + gT;m Tg at dates T  t depends solely






(Here we have included government purchases as part of the household's \income" net of
taxes, as they substitute for private expenditures.) Specically, in the context of a constant
real rate of return on (non-monetary) savings equal to−1−1, and a constant nominal interest
rate  {; the optimal plan involves a constant level of total (private plus public) purchases,
cT + gT = yd, and a constant level of real money balances, mT = L(yd; {); for each T  t;
where yd is the highest level of total purchases consistent with the household's intertemporal















In the case of arbitrary scal expectations, I shall assume that the representative household
chooses consumption ct = yd
t − gt and money balances Mt = PtL(yd
t; {); where the values of
gt and Pt are observed by the household at the time that it decides, and yd
t is the solution
to (3.12), given the observed values of Wt and Pt, and the household's subjective estimate
He
t of its human wealth Ht.
If each household has a common (though not necessarily rational) expectation He
t; then
goods market clearing requires that yd













42Corresponding to any sequence36 of expectations fHe
tg, the corresponding sequence of tem-





t+1 = Pt[(1 + {)(x − H
e
t − st) − {L(y; {)]; (3.14)
and the primary budget surplus each period is given by
st = s(W
s
t =Pt;  s): (3.15)
In this way, an arbitrary evolution over time of beliefs about future government budgets
(summarized by the evolution of fHe
tg) gives rise to a sequence of actual government budgets
(the t.c.e. sequence fstg given by (3.15)).
We now consider what expectations a household might have which understands the above
model, and hence the mapping just described. Evans and Ramey propose that a household
should begin by conjecturing a path for the economy (for example, the t.c.e. dynamics gen-
erated by some simple expectational hypothesis such as \adaptive expectations"), and then
rene this conjecture by iterating on the mapping just derived. That is, they propose that
a household should form its own forecast of the economy's evolution by assuming that the
beliefs of others will evolve in the conjectured way, and then calculating the t.c.e. dynamics
that should actually occur given that others have beliefs of the simpler sort. (The process
might then be iterated again, if the household instead assumes that other households will
form their beliefs by iterating once, and so on.)
Any of the sequences fstg associated with one of the continuum of p.f.e. identied earlier
is a xed point of this mapping; thus the proposed method of mapping expectations into
t.c.e. outcomes does not exclude any of these possibilities by itself. And the beliefs obtained
(even if one imagines iteration an innite number of times) obviously depend upon what the
initial conjecture is. But we may still regard beliefs as more likely to be converged upon
36As usual (see, e.g., Grandmont, 1983), certain bounds upon expetations are required in order for a
temporary equilibrium to exist. In the present context, equations (3.14) { (3.15) below imply uniquely
dened temporary equilibrium sequences with Pt > 0a n dWs
t+1 > 0 each period, starting from any positive
initial level of nominal government liabilities, as long as expectations satisfy the bound He
t <  H each period,
where  H is dened in (3.17) below.
43if they have a larger \basin of attraction" under the expectation-calculation dynamics (i.e.,
iteration of the above map). It is thus noteworthy that the scalist equilibrium (correspond-
ing to the expectation that sT = s for all T  t)i st h eonly p.f.e. with the property that
expectations converge to it under the calculation dynamics, from any near enough initial
beliefs. Specically, suppose that one initially conjectures an evolution of scal beliefs such
that the sequence fHe
Tg is expected to satisfy the bounds
H <H
e
T <  H (3.16)
for all T  t; where
H  x −  s −  d;









<  s +  d;
so the neither bound on government liabilities ever binds, and sT = s each period. One
thus obtains convergence to the beliefs associated with the scalist equilibrium, after even a
single iteration of the expectation-calculation algorithm, starting from any initial conjecture
satisfying the bounds (3.16).37
Furthermore, an initial conjecture satisfying (3.16) would not be implausible. For ex-
ample, suppose a household generates its initial conjecture by assuming that the beliefs of
others will evolve according to an \adaptive expectations" formula. Since He
t is an estimate
of (1−)−1 times a certain (discounted) long-run average value of y−sT; one might assume
that people will adjust their estimate in response to the discrepancy between their current
estimate and the most recently observed value of the variable in question. This would suggest
37On the other hand, no other p.f.e. has the property that its basin of attraction includes any neighborhood
of the equilibrium beliefs themselves. This is because no other p.f.e. is locally isolated, and every p.f.e. is a
xed point of the expectation-calculation mapping.









T +( 1− )(1 − )
−1(y − s(x − H
e
T;  s)):
Combining this law of motion for expectations with (3.13) { (3.15), one generates a t.c.e.
in which expectations satisfy the bounds (3.16) forever, as long as one conjectures that
expectations will initially start from a value of He
t satisfying the bounds. (The same would
be true for a large number of other simple adaptive schemes.)
Thus it is easy to describe reasoning that would lead households who understand the
model to converge upon expectations that would bring about the scalist equilibrium, rather
than any of the others. But if one accepts that this should be equally true following a scal
disturbance (say, a one-time permanent change in the value of  s; correctly understood by the
households who form their beliefs according to the above algorithm), then such a disturbance
should aect the price level in the way described by the scal theory, and contrary to the
doctrine of Ricardian Equivalence.
3.3 Empirical Evidence on the Character of Fiscal Policy
Thus far our primary concern has been with the logical possibility of a non-Ricardian scal
regime. It is worth asking as well whether actual scal policies seem to be of this kind.
This has been challenged in a number of studies, though on the whole there has been little
empirical analysis relative to the amount of recent theoretical interest in regimes of this
kind.38 It will take us too far aeld to address the issue in any detail here; but a few
comments on the relevance of the empirical literature to our discussion may nonetheless be
appropriate.
Several studies have sought to show that scal policy is Ricardian, at least in particular
places and times, such as the U.S. in the twentieth century. For example, Bohn (1998a)
regresses the primary U.S. government budget surplus (as a share of GDP) on privately held
38Two noteworthy early attempts were Shim (1984) and Leeper (1989).
45U.S. public debt (again as a share of GDP), along with other variables that are regarded as
plausible arguments of a scal policy rule, and nds a signicantly positive coecient (with
a point estimate on the order of three to ve percent) for each of the sample periods that he
considers. Bohn interprets his results as estimates of the coecients of a scal policy rule,
and in particular he interprets the regression coecient on the debt/GDP ratio as indicating
the degree of feedback from the size of the public debt to the size of the primary surplus
| i.e., as the coecient  in a feedback rule of the form (3.1). If this is correct, then
our reasoning above would imply that scal policy over this period was Ricardian, as the
transversality condition would hold for all inﬂation and asset-price processes.39
However, such a regression coecient need not have a structural interpretation of the
proposed sort. In the case of an exogenous primary surplus process | a simple example
of a non-Ricardian regime | the existence of an equilibrium present-value relation between
the value of the public debt and expected future primary surpluses would imply that vari-
ations in the value of the public debt relative to GDP would tend to forecast subsequent
variations in primary surpluses relative to GDP. The reason is the same as the reason that,
according to the present-value theory of stock prices, the price-earnings ratio of a stock
should forecast future earnings growth; yet no one would interpret econometric support for
the latter prediction as a demonstration that high p/e ratios cause companies' earnings to
grow faster. Similar alternative interpretations are possible in the case of the more sophis-
ticated \tests" for Ricardian as opposed to non-Ricardian policy presented by Canzoneri et
al. (1999).40 Indeed, as Cochrane (1998) and Woodford (1998b) demonstrate, it is possible
to propose non-Ricardian policy regimes, under which the inﬂation process evolves primarily
in response to scal disturbances, which match quite well the joint stochastic processes of
inﬂation, interest rates, the public debt, and the primary budget surplus for the U.S. since
1960. Thus there are no aspects of the co-movements of those series that are incompatible
39Bohn (1998b) suggests exactly this interpretation of the results reported in Bohn (1998a). Note that
the analysis above does not apply precisely to the rule estimated by Bohn, because his estimated rule does
not have a term responding to variations in the interest saved on the monetary base; but it is unlikely that
this matters much for the validity of his conclusion.
40See Cochrane (1998, 1999) and Woodford (1998b) for detailed discussion.
46with Ricardian regimes (and scal determination of the price level) as such.
A general diculty with econometric tests of whether policy is Ricardian is that in the
model expounded above, the present-value relation (2.24) must hold in equilibrium,w h e t h e r
policy is Ricardian or not. Thus the empirical question is not whether or not such a relation
appears to hold in practice; it is whether the scal policy is such that it would also have
held in the case of other price paths that have not actually occurred, and perhaps could not
ever occur. This is inherently a dicult question to try to answer, and it plainly cannot
be answered in the absence of assumptions about the structural form of the policy rules
in place. (This does not, however, make it any less meaningful an empirical question than
the other counterfactual questions that econometricians habitually address, when estimating
elasticities of demand and the like.) Furthermore, simple structural specications like the one
proposed by Bohn are not too persuasive in this context, owing to the fact that the process
that determines the size of government budgets clearly involves considerable lags. It is thus
quite plausible that market participants will often have additional important information
about likely future budgets, beyond that contained in a small number of variables like those
included in Bohn's regression; but then the possibility that a regressor such as the current
debt/GDP ratio responds to such information must be taken seriously.
Bohn (1998b) suggests that his proposed structural interpretation of his regression coe-
cient is more sensible than the alternative suggested by Cochrane (1998), because it is based
on \a coherent model of government behavior," namely a model of optimal tax-smoothing.
But while the theoretical model to which Bohn refers may justify the inclusion of certain
regressors in his scal rule, it does not provide any theoretical justication for the assump-
tion that no other information can help to forecast future budgets, and it is this exclusion
restriction that is crucial to Bohn's proposed identication. Nor is it really true that the
model of optimal tax smoothing provides theoretical justication for assuming a scal rule
of Bohn's form (in particular, one in which the primary budget surplus is a function of the
size of the public debt). The model of optimal tax-smoothing justies a particular pattern
of state-contingent government budgets, but there is no unique form of feedback rule for the
47government budget that implements the desired equilibrium. (Once again, dierent spec-
ications of government policy out of equilibrium may be equally consistent with a given
equilibrium.) For example, Woodford (1998c) shows how an optimal tax-smoothing policy
can be implemented by a regime that combines a non-Ricardian scal policy (specically,
one in which the real primary budget surplus is exogenous) with an interest-rate peg for
monetary policy | exactly the type of regime analyzed in section 1.
An alternative possible source of information about the likely form of the scal policy rule
can be obtained from estimates of the monetary policy rule, combined with deductions about
the kind of equilibrium behavior that should result from alternative monetary/scal policy
rule combinations. For example, John Taylor (1993) argues that U.S. monetary policy since
at least the late 1980s has been characterized by an interest-rate feedback rule according to
which increases in inﬂation cause increases in the federal funds rate of an even larger magni-
tude, and a large subsequent empirical literature has reached similar conclusions. However,
this sort of policy rule (which Leeper, 1991, calls \active monetary policy"), would imply
explosive debt dynamics in the presence of an exogenous real primary surplus process, or
other similar locally non-Ricardian scal rule.41 (We discuss this further in the next section,
in connection with Loyo's (1999) analysis of Brazil's policy mix in the early 1980s.) The fact
that a Brazilian-style debt explosion and hyperinﬂation did not occur in the U.S. following
the shift to a monetary policy similar to the \Taylor rule" implies that U.S. scal policy
has been locally Ricardian, at least since the late 1980s.42 This also conforms with what we
know about the emphasis upon the goal of budget balance in discussions of U.S. scal policy
41Leeper (1991) and Loyo (1999) show this in the case of ﬂexible-price models. However, the analysis in
Woodford (1996) of determinacy of equilibrium in a model with sticky prices (Calvo-style staggered pricing)
shows that the same classication of policy regimes consistent with unique non-explosive debt dynamics
continues to apply in that context. The only dierence is that the demarcation between \active" and
\passive" monetary policy rules must be modied to take account of the eects of feedback from the level
of output to the central bank's interest-rate instrument, as in the discussion of the \Taylor principle" in
Woodford (2000).
42Of course, such a judgment depends upon believing the identifying assumptions that are made in esti-
mates of Fed reaction functions; but these are arguably grounded to a greater extent in knowledge of the
factors actually considered in Fed decisionmaking than is the case with attempts to estimate a scal policy
rule.
48since the late 1980s.
On the other hand, Taylor (1999) argues that Fed policy in the 1960s and 1970s involved
an interest-rate response to inﬂation increases that was substantially weaker, and in par-
ticular failed to raise nominal interest rates by as much as the increase in inﬂation. Such
a policy (which Leeper, 1991, calls \passive monetary policy") would not imply explosive
debt dynamics when combined with a locally Ricardian scal policy; indeed, it is only in
the case of such a scal policy that the policy regime would imply determinate equilibrium
paths for nominal variables, including the path of the public debt.43 Clarida et al. (2000)
similarly nd that their estimated Fed policy rule for the period 1960-1979 would imply an
indeterminate equilibrium, under their (implicit) hypothesis of Ricardian scal policy; but
once again (and for similar reasons) their estimated policy would be consistent with a unique
non-explosive equilibrium under a hypothesis of locally non-Ricardian scal policy. The em-
pirical relevance of the hypothesis of \passive" monetary policy on the part of the Fed is even
clearer for the 1940s, as discussed above. Once again, this would at least make it possible
to reconcile an apparently stable inﬂation process with a hypothesis of non-Ricardian scal
policy; and indeed, we have argued that this hypothesis provides an appealing explanation
of several aspects of inﬂation variation during that period.
It is important to recognize that the analysis presented above of equilibrium determi-
nation under the bond-price support regime is not oered as a universal theory of inﬂation
determination. While the equilibrium relation (2.24) should always hold, regardless of the
character of the monetary/scal policy regime, it may or may not be useful to view this
condition as the key to price-level determination, and scal disturbances may or may not
have an important eect upon inﬂation | these latter propositions will depend upon the
nature of the policy regime. However, the fact that non-Ricardian policy regimes are among
the possible kinds of systematic scal policies is important, even if one does not think that
43In the case of a model with nominal rigidities, indeterminacy of the paths of nominal variabilities would
imply indeterminacy of the equilibrium paths of real variables as well. The determinacy of equilibrium
under a policy rule of the kind that Taylor estimates for the 1960s and 1970s, when combined with a locally
non-Ricardian scal policy, is shown by Leeper (1991) for a ﬂexible-price model and by Woodford (1996) for
a sticky-price variant of that model.
49U.S. scal policy (for example) is currently of that kind, for reasons to be taken up next.
4 Implications for Inﬂation Control
I now turn to the implications for the design of public policy of a recognition that non-
Ricardian scal regimes are possible (though not, of course, a necessity). Consideration of
this possibility has consequences of several sorts. In taking them up, I shall assume that
a key goal of policy is the maintenance of as stable a general price level as possible; the
question whether, or to what extent, this should be a goal is left for another occasion.44
First of all, in the case that the government's budgetary policy is expected to be non-
Ricardian | for reasons that a policymaker choosing a monetary policy rule is not in a
position to change | this fact aects which monetary policy rules should be expected to be
consistent with the greatest degree of price stability. Rules that would be quite desirable in
the context of a (locally) Ricardian scal policy, such as a \Taylor rule", may instead have
disastrous consequences for price stability when combined with an alternative scal policy.
But this very fact implies that the choice of scal policy is also relevant to an economy's
chances of achieving price stability, and so our second category of policy implications con-
siders the choice of a scal policy rule that would be consistent with price stability. Here the
essential point is that scal policy should be locally Ricardian, so that scal expectations do
not frustrate the central bank's use of a suitably \active" monetary policy to stabilize the
price level.
Finally, the contribution that a suitable scal policy commitment can make to price
stability is not simply a matter of failing to interfere with a desirable equilibrium that
would otherwise be consistent with the central bank's monetary policy rule. A globally non-
Ricardian (though locally Ricardian) scal commitment may be useful in order to exclude
undesirable equilibria, ones involving less stable prices, that would otherwise be consistent
44One reason for doing so is that the simple theoretical framework used above is one in which there are
no frictions of the sort that imply that any economic distortions should result from unexpected variation in
the equilibrium price level; in reality, such frictions are important. See Woodford (1999b) for discussion of
the welfare consequences of inﬂation variability in some simple models with sticky prices.
50with the monetary policy regime. I take up each of these categories of implications in
sequence.
4.1 Monetary Policy Choice when Fiscal Policy is Non-Ricardian
If scal policy is expected to be non-Ricardian, these scal expectations constrain the set
of possible equilibrium outcomes that monetary policy can achieve. This constraint may
futhermore have important consequences for the ranking of alternative monetary policies.
In the presence of non-Ricardian scal expectations, the choice of a monetary policy that
is intended to be anti-inﬂationary may lead (at least eventually) to even more inﬂation.
Indeed, it could even result in a hyperinﬂation, as Loyo (1999) argues occurred in Brazil in
the 1980s.
Consider, for example, the consequences of a central bank commitment to set a short-term
nominal interest rate instrument according to a \Taylor rule"45
it = (t); (4.1)
where t  Pt=Pt−1 is the gross rate of inﬂation, and () is an increasing, non-negative





I shall assume that there is a unique  >satisfying (4.2).
Let us again consider a deterministic environment for simplicity, and suppose that output
is constant and equal to y>0 each period. Given a commitment to the monetary policy








45The rule discussed in Taylor (1993) also involves feedback from deviations of real output from trend
and/or potential. But in the present ﬂexible-price model, there are no deviations of output from potential,
and any deviations from trend are exogenous, so that such feedback would represent at most an exogenous
shift term in (4.1), with consequences identical to those of time variation in the inﬂation target. Such an







Figure 3: An inﬂationary spiral under a Taylor rule.
obtained by using (4.1) to substitute for it in (2.18). In the \cashless limit," or the case of
additively separable preferences, (4.3) reduces to
t+1 = (1 + (t)): (4.4)
Our analysis of the qualitative properties of this dierence equation is simplied if (following
Loyo) we restrict attention to the latter special case.
If, in accordance with Taylor's (1993) characterization of U.S. policy since the late 1980s,
we assume that () > 1; where () is the elasticity of 1+ with respect to ; then the
graph of the right-hand side of (4.4) cuts the diagonal from below, as shown in Figure 3. As
the gure shows, in this case  is an \unstable" steady state under the dynamics implied by
(4.4). (The gure illustrates a solution starting from an initial inﬂation rate 0 > :i nt h i s
52case, inﬂation must grow without bound over time. If instead one were to assume 0 < ;
inﬂation would have to be forever declining, eventually leading to permanent deﬂation.) This
means that the only solution to (4.4) in which t remains within a neighborhood of  forever
is the one in which t =  for all t. Thus the target steady state is not only consistent
with policy rule (4.1), but, if (4.4) is the only restriction upon equilibrium inﬂation, the rule
also makes it a determinate (locally unique) equilibrium.46 One might then be optimistic
that people would in fact succeed in coordinating their expectations upon that equilibrium,
so that the \Taylor rule" would succeed in stabilizing inﬂation at the desired rate.47
But is this in fact the only requirement for a perfect foresight equilibrium? The answer
depends upon the character of scal policy. If scal policy is \locally Ricardian," in the sense
introduced above | the scal rule implies that real government liabilities will necessarily
remain within a bounded interval, in the case of any path for inﬂation that remains forever
near enough to the target inﬂation rate  | then (4.4) is the only restriction upon inﬂation
paths that remain forever near the target inﬂation rate. The conclusion in that case would
be (i) that the target steady state is indeed a perfect foresight equilibrium, and (ii) that it
is indeed determinate, as there will be no other nearby solutions. Thus in such a case the
\Taylor rule" would be an appealing approach to inﬂation stabilization.
But suppose instead that scal expectations can be described by an exogenous sequence
fstg. Then we can show, as in our analysis above of the bond price-support regime, that
there is only a single initial value for 0 that is consistent with these scal expectations.
This is most easily seen in the case of short-term (one-period) nominal government debt.48
Then W s
0 is given as an initial condition, while the right-hand side of (2.28) depends only
upon the exogenous sequence of surplus expectations; so there is clearly a unique value of
P0 that satises (2.28), and correspondingly a unique possible equilibrium inﬂation rate 0;
46Here it is important to note that t is not a predetermined state variable, so that history provides no
initial condition for the dierence equation (4.4). Instead, the variable is free to \jump" so as to be consistent
with the expected future evolution of inﬂation.
47This is the sort of analysis of inﬂation determination under such a rule proposed, for example, in
Woodford (1999a). See section 4 of that manuscript for discussion of other possible equilibria.
48See Woodford (1998c) for an extension of the analysis to the case of longer-term government debt.
53given an initial condition for P−1. This initial condition then picks out a unique solution from
among the continuum of solutions to the dierence equation (4.4), and this will be the unique
p.f.e. inﬂation sequence consistent with the scal expectations in question. Alternatively,
the evolution of inﬂation is determined by recursive solution of the pair of equations (2.28)
and (2.29), with it in the latter equation being substituted out using (4.1); as shown earlier,
this generates an inﬂation sequence that also satises (2.18) and hence (4.4). The latter
calculation better represents the causal logic by which a particular sequence of inﬂation
rates is generated in equilibrium; but simple reference to (4.4) is an easier way to quickly
determine what the equilibrium inﬂation dynamics are like.
The unique value of 0 that solves (2.28) will, in general, not happen to equal .I f ,
for example, the expected future budget surpluses are too small, so that 0 > ; then
the only possible p.f.e. is one in which the inﬂation rate grows without bound over time,
as shown in Figure 3. This equilibrium is characterized by an inﬂationary spiral, in which
progressively higher rates of inﬂation lead to higher nominal interest rates, hence higher
rates of growth of nominal government liabilities, which in turn lead to still higher rates of
inﬂation. Alternatively, if the expected future budget surpluses are too large, this sort of
policy regime will instead lead to a deﬂationary spiral, in which the logic is the same but
in the opposite direction. Thus this particular type of policy combination almost inevitably
leads to equilibrium inﬂation far from the target rate.
Our analyze of this problem has assumed a globally non-Ricardian policy; but even if
we instead were to assume that the primary surplus is equal to the exogenously evolving
\desired" surplus only when it does not violate the bounds (3.7), much the same problem
arises. Just as before, the imposition of these bounds does nothing to change the character of
the scalist equilibrium (which here involves an inﬂationary or deﬂationary spiral); as long as
the ﬂuctuations in f stg are small enough, wt never violates the bounds in this equilibrium,
and so the same equilibrium continues to be possible. It is true that the bounds on the
evolution of real government liabilities make possible other equilibria as well; in particular,
in the present case there will now be a possible equilibrium in which t =  forever. (In the
54case where the expected sequence of \desired" primary surpluses is too small, this equilibrium
is associated with explosive growth in real government liabilities, as shown in Figure 2, and
the expectation that at a certain future date a scal retrenchment will bring about actual
surpluses higher than the \desired" surpluses.) But the arguments given in section 2.2 above
for selection of the scalist equilibrium would continue to apply in this case. In particular, it
is still true that for any conjectured scal expectations close enough to those consistent with
the scalist equilibrium, a single iteration of the expectation-calculation mapping dened
above would lead to the expectations that bring about the scalist equilibrium. It thus
remains plausible that people could coordinate upon an equilibrium with unstable inﬂation
under such a policy conguration.
On the other hand, if the central bank were to commit itself to a policy rule like (4.1),
but with () < 1;49 then the graph of the right-hand side of (4.4) cuts the diagonal from
above, so that the dynamics converge to  regardless of the initial condition 0: In this
case, in the presence of an exogenous primary surplus process, one has a uniquely determined
p.f.e., in which 0 will in general not exactly equal ; but the sequence ftg will converge
asymptotically to  in any event. Thus there will be a substantial range of scal expectations
that are all consistent with an equilibrium inﬂation rate that remains forever near the target
rate. (In the case of a stochastic version of this model, the equilibrium inﬂation rate will
vary in response to random shocks, but with bounded shocks it will ﬂuctuate forever within
an interval around the target inﬂation rate.) This alternative type of monetary policy rule
would accordingly be more conducive to price stability, in the context of a non-Ricardian
scal policy of the kind assumed.50
We thus observe that a monetary policy rule that would conventionally be thought to be
49This is what Leeper (1991) calls \passive" monetary policy, by contrast with the \active" case when the
inequality is reversed.
50Leeper (1991) obtains a similar conclusion in the context of a purely local analysis. He nds that there is a
determinate r.e.e., involving stationary ﬂuctuations in the inﬂation rate, when an \active" monetary policy is
combined with a \passive" (locally Ricardian) scal policy, or alternatively when a \passive" monetary policy
is combined with an \active" (locally non-Ricardian) scal policy. He regards the combination of an \active"
monetary policy and an \active" scal policy as mutually incompatible, as in this case there will generally
be no non-explosive equilibrium at all. But as we have seen, this need not mean that there is actually no
equilibrium possible; instead, the equilibrium may necessarily involve an inﬂationary or deﬂationary spiral.
55anti-inﬂationary, such as a Taylor rule with an aggressive response to deviations of inﬂation
from the target rate, may instead lead to an inﬂationary spiral when combined with an
unsuitable scal policy. This is exactly what Loyo (1999) argues occurred in Brazil in the
early 1980s. As shown in Figure 4(a), the Brazilian inﬂation rate remained quite stable
(though non-trivial, two to three percent per month) throughout the late 1970s, but grew
to progressively higher levels in the early 1980s, degenerating into hyperinﬂation by 1985.51
Loyo attributes this to a shift toward a more anti-inﬂationary interest-rate policy beginning
in 1980. He shows that nominal interest rates on Treasury obligations were quite steady
in the 1970s, despite ﬂuctuations in inﬂation, while they rose more than one-for-one with
increases in inﬂation in the early 1980s, and thus proposes that the shift was from a policy
rule with  < 1t oo n ew i t h > 1: If we suppose that scal expectations remained non-
Ricardian both before and after the monetary policy change, then the above model implies
that equilibrium inﬂation could well have been stable before 1980 (as it was), while the
change in the monetary policy could result in an inﬂationary spiral of the kind shown in
Figure 3.
Loyo also notes that real seignorage revenues (shown in Figure 4b) did not increase
notably during the inﬂationary spiral, so that the increased inﬂation cannot plausibly be
attributed to increased revenue needs that resulted in an increase in the central bank's
seignorage target. The inﬂationary spiral was associated with explosive growth of nominal
government liabilities, resulting from increased conventional decits (plotted in real terms
in Figure 4b). As the gure shows, the increased decits were largely due to rapid growth in
the interest payments required on the public debt, which exploded as a result of the change
in interest-rate policy.
Why, then, did the shift in the U.S. to a policy similar to the \Taylor rule" in the 1980s
not lead to a similar inﬂationary spiral?52 A possible answer is that in the U.S. this kind
51The data plotted in Figure 4 are kindly supplied by Eduardo Loyo.
52As noted earlier, Taylor (1999) argues that U.S. policy in the 1960s and 1970s could be described a
similar interest-rate feedback, but with an inﬂation elasticity  < 1, whereas policy since the late 1980s at
least can be described by a rule with  > 1:
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Figure 4: Onset of hyperinﬂation in Brazil. (a) Inﬂation rate and short-term nominal interest
rate, in percent per month. (b) Real value of seignorage revenues, interest payments on public
debt, and decit inclusive of interest payments. Source: Loyo (1999).
of monetary policy was accompanied by a dierent type of scal expectations. From the
mid-1980s onward, concern with the size of the public debt led to calls for constraints upon
the government budget, such as those incorporated in the Gramm-Rudman-Hollings Act of
1985, which would automatically adjust annual budgets so as to prevent further growth in
the debt. And at least since the 1990 budget, this concern (implying feedback from the
size of the public debt to the size of the primary surplus) has been a major determinant of
the evolution of the U.S. federal budget. If these developments were correctly anticipated,
then people would indeed have expected scal policy to be Ricardian, allowing expectations
to coordinate upon the desirable equilibrium in which inﬂation ﬂuctuates around its target
level.
Note that the success of the American experiment need not imply that people under-
57stood that scal policy would be Ricardian from the beginning of vigorously anti-inﬂationary
interest-rate policy under Paul Volcker.53 Even in the context of unchanged expectations
regarding the future path of real primary budget surpluses, a shift toward a lower target
inﬂation rate and a value of  > 1 need not result in an immediate increase in inﬂation.
Instead, in an economy with long-term, non-indexed government debt, nominal interest rate
increases can lower the (nominal) market value of existing government bonds, and thus lead
initially to a lower path for W s
t than would otherwise have been followed, and correspond-
ingly a lower path for the price level. The inﬂationary spiral thus would not have had to
manifest itself immediately in the American context (though it would have been expected
to in Brazil, owing to the much shorter maturity of the Brazilian public debt). It is thus
possible that the expectation of a Ricardian scal policy developed only later, but still in
time to head o inﬂationary debt dynamics in the U.S.
The successful disinﬂation in the U.S. during the 1980s, and the successful maintenance
of low inﬂation since, indicates that commitment to an interest-rate policy similar to the
\Taylor rule" can indeed be an appropriate way of stabilizing inﬂation around a low level.
But the contrary example of Brazil suggests that countries plagued by high inﬂation and
seeking to emulate the U.S. recipe should not assume that mere adoption of a Taylor rule
will be sucient; instead, it is important also to emulate the constraints upon scal policy
characteristic of the U.S. during this period.
4.2 Constraining Fiscal Expectations
Above we have commented upon the choice of a monetary policy rule so as to minimize the
undesirable instability of the price level, in the presence of a non-Ricardian scal policy that
is taken as given. But it is clear that such an adaptation to the inevitability of exogenous
ﬂuctuations in primary budget surpluses is hardly the optimal arrangement, at least from
the point of view of price stability.54 For example, in general, a given exogenous process
53Articles such as Sargent and Wallace (1981) indicate that the existence of a scal commitment of this
kind was not clear during the early Volcker years.
58for the primary budget surplus will be inconsistent with complete stabilization of the price
level, regardless of the monetary policy that is chosen (Woodford, 1996, 1998c). On the
other hand, complete stabilization of the price level, even in the face of real disturbances,
may well be possible in principle | say, using a Taylor rule with a time-varying intercept
that shifts appropriately in response to the real disturbances (Woodford, 1999a) | as long
as scal expectations are consistent with that equilibrium. Thus the best approach to the
achievement of price stability will involve the choice of an appropriate rule for scal policy,
in addition to the choice of a desirable monetary policy rule.
What kind of scal policy would best serve this end? The simplest answer would be, any
policy that is consistent with stable prices. But this does not go far enough. An exogenous
process for the primary budget surplus, for example, could happen to be consistent with a
target path for the price level . Thus one might suggest that the inﬂationary spiral shown in
Figure 3 will not occur, and instead one will have inﬂation equal to the target rate forever,
as long as the expected sequence of primary surpluses makes 0 =  the solution to (2.28).
But this would depend upon getting the size of the expected surpluses exactly right, which is
simply incredible (in the case that the surpluses are set simply as a function of the estimated
exogenous state of the world, and not with feedback from endogenous developments, such
as the actual evolution of prices).
A more plausible proposal might seem to be a regime like the bond price-support regime
described in section 2, in which however the exogenous surplus process is chosen to be
one that is calculated to be consistent with stable prices. (One would be committed, for
example, not to reduce primary surpluses in response to an event such as the outbreak of
war in Korea.) This is a more practical proposal, in that control errors in the government's
attempts to target the primary surplus would not lead to any explosive deviation from the
desired equilibrium. Still, this type of regime is not one in which inﬂation is likely to be
too stable in practice. It makes the equilibrium price level a function not merely of scal
54Whether it is possible or desirable for primary surpluses to follow an alternative path depends, of course,
upon what sources of revenue are available and how pressing the government's need for funds may be. These
issues are beyond the scope of the analysis here.
59expectations in the near term, but of expectations about government budgets far in the future
(since it is the present value of all future surpluses that enters (2.24)). Expectations about
the distant future may be especially dicult for the government to \manage" through policy
announcements. Furthermore, the nature of the legislative process in a democracy makes it
unlikely that government budgets can subjected to the same degree of discipline as monetary
policy actions. A nontrivial degree of random variation in the equilibrium price level would
be inevitable under the price-support regime, both as a result of random disturbances to scal
policy that could not be prevented, and as a result of inability to adjust scal policy with
sucient precision to oset the consequences of other real disturbances (such as ﬂuctuations
in the equilibrium real rate of interest).
Controlling inﬂation through an interest-rate rule such as the Taylor rule represents a
more practical alternative, both because it is more politically realistic to imagine monetary
policy being subordinated wholly to this task, and because it is technically more feasible to
\ne-tune" monetary policy actions as necessary to maintain consistency with stable prices.
Finally, under a Taylor rule (together with a locally Ricardian scal policy), expectations
regarding future monetary policy do aect equilibrium inﬂation, but these expectations are
discounted more rapidly (as one considers dates farther in the future) in this case than under
the bond price-support regime | much more rapidly, in the case of suciently aggressive
response to current inﬂation (Woodford, 1999a). It would make sense, then, to choose a
scal rule that is compatible with this kind of approach to control of inﬂation. What this
requires is choosing a scal rule that is consistent not simply with one particular target path
for inﬂation, but with all paths involving suciently moderate deviations of the inﬂation rate
from its desired path; one would then rely upon an \active" monetary policy to determine
which of these paths would actually be the equilibrium path. This means choosing a locally
Ricardian scal policy. (Whether it should also be globally Ricardian is another matter; in
the next section, I shall argue that it is better that it not be.) Because the property of being
locally Ricardian requires only that the path of the public debt satisfy certain bounds, this
is a goal that remains practical even in a world where the government budget will inevitably
60be subject to only imperfect control.
What kind of constraint upon scal policy does this mean? A mere commitment to
\satisfy the transversality condition" is plainly unsuitable; this would place no constraints
upon observable behavior over any nite time period, so that it is hard to see how the public
should be convinced of the truth of such a commitment, in the absence of a commitment
to some more specic constraint that happens to imply satisfaction of the transversality
condition. One such possibility, discussed above, is a commitment to keep real government
liabilities within bounds such as (3.6). This is exactly the spirit of the requirement of
the Maastricht treaty (and of the subsequent \Stability Pact" binding the members of the
European Monetary Union) constraining each nation's public debt to (eventually) remain
no greater than 60 percent of a year's GDP.55
However, while a commitment to such a constraint would suce to ensure satisfaction of
the transversality condition (under mild conditions, as discussed above), and so render policy
Ricardian, it may not suce to eliminate the problem illustrated by the Brazilian case.56
For as we have shown in section 2.3 above, scal policy might remain locally non-Ricardian
even while respecting the bounds (3.6). In such a case, there would remain a determinate
(locally isolated) equilibrium in which scal expectations would determine the price level,
and people might well coordinate their expectations upon this particular equilibrium. In the
case that monetary policy is described by a Taylor rule with  > 1; this scalist equilibrium
almost inevitably involves an inﬂationary or deﬂationary spiral. Of course, the commitment
to the bounds would also make possible other equilibria (just as in our previous discussion,
when it was hypothesized that such bounds would be inevitably satised); these equilibria
would include one in which inﬂation is always equal to the target rate. But because of the
complicated nature of the scal expectations required to support that \good" equilibrium,
one may not wish to rely upon people to coordinate upon it rather than one of the others.
55Above we have considered a ceiling on the real value of government liabilities, but in a model in which
output does not grow over time. Similar conclusions can easily be obtained in a model with growth in the
case of debt limit that grows in proportion to real GDP.
56Here I take a dierent view of the consequences of such a constraint than that presented in Woodford
(1996).
61In the case of a locally Ricardian scal policy, instead, there will be no unique inﬂation
path with the property that the real value of government liabilities remains within narrow
bounds, to provide a natural focal point for expectations. (This will instead be equally true
of all of the solutions to (4.4).) It then may be plausible for expectations to coordinate upon
the locally unique equilibrium in which inﬂation and interest rates never deviate too far from
the values  and () respectively, which is the one in which the Taylor rule successfully
stabilizes inﬂation.57
One simple example of a locally Ricardian regime would be to make the primary budget
surplus a linear function of accumulated real government liabilities,
st = s + (wt −  w) (4.5)
where 1 −< 1; and  w>0 is some \target" level for real government liabilities. (This
is closely related to Leeper's (1991) denition of \passive scal policy".) Substituting (4.5)
into (2.31) yields a law of motion for real public debt of the form
bt = B(bt−1;t;Q t−1;Q t;m t−1;m t); (4.6)
where bt  QtBs
t=Pt: Evaluated near a stationary equilibrium with constant values of t;





which is non-negative and strictly less than one. Thus the dynamics of the real public debt
are stable (in the absence of perturbations to the other arguments of B). It follows that for
any small enough ﬂuctuations in ft;Q t;i tg around the constant values just assumed (which
in turn imply small ﬂuctuations in fmtg around a constant value, given small enough ﬂuc-
tuations in fytg), the path of fbtg will be restricted to a bounded interval as long as it starts
from an initial condition within that interval. This in turn implies bounded ﬂuctuations in
wt as well; thus such a policy is locally Ricardian.
57Whether there continue to actually be other equilibria depends the specication of policy far away from
the target inﬂation rate; see the next section.
62An alternative possibility would be real conventional decit targeting. Under such a rule,
the conventional (i.e., inclusive of interest on the public debt) budget decit,58
t  (1 + Qt − Qt−1)B
s
t−1 + Ptgt − Tt;
is set each period according to a rule of the form
t=Pt =  ; (4.7)
where   is a constant target level. Equivalently, we may assume a constant target value for
the decit as a share of GDP; such a rule is in the spirit of the limits on government budgets
imposed by the Maastricht treaty and the \Stability Pact". Note that in the special case
that   =0 ; this reduces to a balanced-budget rule.59
In a steady state with a constant rate of inﬂation , and under the assumption that
the ocial interest rate is chosen to equal the steady-state interest rate associated with the
inﬂation target,  { = −1 − 1; decit target (4.7) is associated with a steady-state level of
(end-of-period) real government liabilities equal to




Let us assume that  > 0; and that    0; so that end-of-period government liabilities are
non-negative in the steady state. (In practice, the value of   w o u l dn e e dt ob es e ta tal e v e l
that is high enough to be consistent with a steady state in which the government is not a
net creditor, but low enough to be consistent with a steady state in which the tax collections
required by the rule are not too burdensome. The exact level of   does not matter, however,
58Here we measure \interest" on the public debt by the realized nominal one-period holding return, rather
than by the part of payouts to bondholders that is ocially designated \interest" as opposed to repayment
of principal; the latter quantity has no economic signicance. However, our conclusion as to the locally
Ricardian character of such a policy does not depend upon this particular denition of the decit. The
main convenience of this denition is that it establishes a simple equivalence between decit targeting and
targeting the path of nominal government liabilities; these would otherwise be closely related, but slightly
distinct types of scal commitment.
59Schmitt-Groh e and Uribe (2000) analyze the consequences of a scal rule of this kind in a slightly
dierent model, and under the assumption that  =0 :
63for our argument here.) Fiscal rule (4.7) again implies public debt dynamics of the form





Hence (as long as the target inﬂation rate is positive) the debt dynamics are again stable,
and policy is locally Ricardian. Thus adoption of decit targets of this kind in conjunction
with a Taylor rule for monetary policy would create a regime consistent with stable, low
inﬂation, and in which there would be no reason to expectations to coordinate upon an
equilibrium other than the one in which this outcome is achieved.
4.3 Fiscal Commitments to Exclude a Deﬂationary Trap
Thus far we have considered only the problem of choosing a scal commitment that will not
interfere with the central bank's eorts to stabilize inﬂation through interest-rate policy. We
have argued that this can best be achieved through a scal commitment that ensures that
the dynamics of the public debt will be stable, in the case of any moderate ﬂuctuations in
inﬂation, interest rates, and bond prices, so that scal policy will be equally consistent with
any of these paths. But a scal rule can also serve the goal of price stability by excluding
unwanted equilibria that would otherwise be consistent with the monetary policy rule. Thus
there may be advantages to commitment to a rule that is not globally Ricardian: scal
expectations of that kind may prevent unwanted price-level instability due to self-fullling
expectations.
We have pointed out above that commitment to the Taylor rule in itself does not exclude
any of the possible solutions to the dierence equation (4.4) from being possible perfect
foresight equilibria. (And the complete set of rational expectations equilibria would include
a large set of stochastic equilibria as well.) We have suggested that the locally unique
equilibrium with inﬂation forever near the target rate might be a logical one for people to
coordinate upon; but a policy regime that could actually exclude the other paths as genuine
equilibria (i.e., as outcomes that could be expected by people with a correct understanding
of the policy rule and of the principles of price-level determination) would allow greater
64b(1+f(P))
b





Figure 5: A self-fullling deﬂation under a Taylor rule.
condence that the desired equilibrium should actually be reached. It is particularly dicult
for the central bank to achieve this by itself in the case of the possibility of a deﬂationary
spiral of the kind shown in Figure 5. (This is another solution to the same dierence equation
as in Figure 3, but now assuming an initial inﬂation rate 0 < :)
Inﬂationary spirals of the kind shown in Figure 3 might be excluded, or at least rendered
less likely for people to coordinate upon, through a commitment to raise interest rates sharply
in the case of high rates of inﬂation; this would mean that any inﬂation rate higher than
the target rate could be sustained only by expectations of future inﬂation that are quite
65extreme, if not impossible.60 But similarly aggressive responses to deﬂation are not possible,
insofar as the zero lower bound on nominal interest rates limits the extent to which interest
rates can be reduced. As Benhabib et al. (2000b) point out, this implies that there must
exist a second, lower steady-state equilibrium inﬂation rate in the case of a Taylor rule with
() > 1; at or above the gross inﬂation rate of , which corresponds to deﬂation at
the rate of time preference. (Under our assumptions, this second steady state  involves
deﬂation at exactly that rate, and a nominal interest rate of zero.) There necessarily exists a
continuum of solutions to (4.3) converging to , and the deﬂationary expectations required
to support these solutions are not too extreme, either. Benhabib et al. suggest that the
possibility of such self-fullling deﬂationary traps is an important weakness of the Taylor
rule as a prescription for monetary policy.
However, whether these solutions represent genuine perfect foresight equilibria or not
depends upon the nature of scal policy. Benhabib et al. assume a (globally) Ricardian
scal policy, so that all solutions to (4.3) represent perfect foresight equilibria. But as
Woodford (1999a, sec. 4.2) points out, under alternative scal policy commitments, this
is no longer true.61 In particular, it is possible for scal policy to be locally Ricardian (so
that the transversality condition is satised in the case of all inﬂation paths that remain
forever within an interval of inﬂation rates around the target rate), and still imply that the
transversality condition is violated in the case of any deﬂationary path of the kind shown
in Figure 5. To achieve the latter end, it suces that scal policy place a ﬂoor on the
asymptotic growth of nominal government liabilities, which implies that their real value
will grow too rapidly for consistency with the transversality condition if the price contracts
asymptotically at the rate of time preference. Such a growth rate of nominal government
liabilities may instead be consistent with the transversality condition as long as the rate of
inﬂation never falls too far below the target rate.
One way of guaranteeing such a ﬂoor on the growth rate of nominal government liabilities
60See Woodford (1999a, sec. 4.3) for further discussion.
61The idea is further developed in Benhabib et al. (2000c).
66is to directly target this variable. A policy of this type that has often been assumed in the





t−1 = ; (4.8)
for some   1; together with an implicit commitment to maintain Bs
t  0 as well. For
example, a policy of this kind is shown to exclude deﬂationary equilibria in Brock (1975)
and in Obstfeld and Rogo (1983), where it is assumed that there is zero government debt
at all times. In these papers, of course, the monetary policy rule is specied by (4.8), rather
than by a Taylor rule. But the elimination of the possibility of self-fullling deﬂations is no
special property of monetary targeting as opposed to commitment to an interest-rate rule;
rather, the result follows from the assumption of a scal rule that puts a ﬂoor on the path
of nominal government liabilities. Indeed, the money-growth target alone would not avoid
this problem, in the absence of a stipulation that the government budget will ensure that
Bs
t  0 forever.
A decit target of the form (4.7) also puts a ﬂoor on the path of total nominal liabilities
of the government. Note that under our above denition of the decit, end-of-period total
liabilities Dt  Ms
t + QtBs
t evolve according to
Dt = Dt−1 + t:
Any non-negative value for the decit target   therefore implies that fDtg will be a non-
decreasing sequence. Hence if prices fall at the rate of time preference, as they do asymp-
totically in the case of the deﬂationary path shown in Figure 5, the real value Dt=Pt grows
as −t, and the transversality condition will be violated. In the case of a path in which the
deﬂation is only asymptotically this great, the condition may or may not be violated; but
one can ensure that it is, in the case of any solution to (4.4), through an appropriate choice
of the function (). (Interest rates must fall to zero quickly enough as the inﬂation rate
falls.)
Alternatively, one can ensure a positive ﬂoor on the growth rate of nominal liabilities,
so that the transversality condition is violated in the case of any sustained rate of deﬂation
67that even approaches the rate of time preference. If one adopts a decit target of the form
t =m a x (  Pt;γD t−1); (4.9)
where 0 <γ< − 1;  >0; then in the steady state with inﬂation at the target rate, the
binding constraint is the one dened by  ; rather than the one dened by γ. Hence the debt
dynamics near the steady state are as dened above, and such a policy is once again locally
Ricardian. At the same, such a commitment establishes a ﬂoor for the growth rate of total
nominal liabilities, as it ensures that
Dt=Dt−1  (1 + γ):
It follows that any path of prices along which the gross inﬂation rate eventually satises
t < (1 + γ) forever will imply that tDt=Pt will be bounded away from zero, and so
cannot constitute an equilibrium.
The crucial aspect of such policies, in order to exclude the possibility of a self-fullling
deﬂation, is that the government be committed to continued growth of its nominal liabilities
(or at the very least, to preventing them from contracting), even if the price level, and hence
nominal GDP, does steadily decline. This would mean allowing the ratio of government
liabilities to GDP to rise, in principle without bound, along such a deﬂationary path |
though if the private sector believes in the government's commitment, the deﬂationary path
(and hence the explosion of the debt/GDP ratio) should never occur in equilibrium.
Admittedly, this requires a dierent way of thinking about the \soundness" of scal
policy than is yet common. An example is provided by recent discussion of Japanese scal
policy. As shown in Figure 6, the ratio of the public debt to GDP has grown sharply in the
1990s, rising from only 49 percent at the end of 1991 to more than 96 percent by the end of
1999. This is widely deplored as an indication of reckless scal policy during the 1990s, and
has been accompanied by assurances from the government that a future scal retrenchment
would prevent further growth of the debt ratio. However, a commitment to maintain a
ceiling on the ratio of government liabilities to GDP is exactly the sort of scal commitment
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Figure 6: Public debt, the monetary base and nominal GDP for Japan.
that makes self-fullling deﬂations possible, under an interest-rate rule or a money-growth
rule alike.62 For such a commitment implies that in the event of a self-fullling deﬂation,
the government will run surpluses of the size necessary to contract nominal liabilities as fast
as prices fall. But then there is no violation of the transversality condition, or alternatively,
no accumulation of wealth by households that makes them feel in a position to spend more
than the shrinking level of nominal GDP, so that the ever-smaller level of nominal GDP is
indeed an equilibrium.
Instead, the exclusion of such equilibria requires a commitment to a target path for
nominal government liabilities that will not decline over time even if nominal GDP does;
62They will not be possible in the case of a money-growth rule with   1; if there is also a commitment
to maintain a non-negative debt in the hands of the public. But in this case, there is no commitment to
a bound on the ratio of government liabilities to GDP. The ratio of the monetary base to GDP will grow
at the rate of time preference along a deﬂationary path, and so will the ratio of total liabilities to GDP.
Furthermore, insofar as the monetary base is backed by holdings of government debt, the ratio of the public
debt to GDP (counting the debt held by the central bank) will also grow at the rate of time preference under
such a policy.
69this should be explained to the public by reference to a target path for nominal GDP, to
which the government is committed to return (through reﬂation of the economy) even if
actual nominal GDP drops below the target path for a time. Interestingly, from this point
of view the growth of the Japanese public debt during the 1990s does not seem so alarming.
Figure 6 also plots an exponential trend tted to nominal GDP for the period through 1991;
relative to this trend (which might have been a plausible target path for nominal GDP
after 1991 as well),63 neither debt nor the sum of the public debt and the monetary base
have grown to historically extreme levels. While both have increased some since 1991, each
is still well below its typical level, relative to the nominal GDP trend, in the 1970s and
1980s. (Public debt relative to trend GDP had risen to 59 percent by the end of 1999,
while it was above 80 percent in the 1970s.) Nonetheless, given the Japanese government's
statements, the Japanese public may reasonably have been expecting that the government
is not committed to continued growth of nominal liabilities at such a rate, and that the
growth of the debt now forecasts tight budgets later. These are exactly the sort of Ricardian
scal expectations that should undercut any stimulus to aggregate demand from the current
decits, as households judge that they must increase private saving to prepare for the future
government budget cuts. They may also have allowed the Japanese economy to fall into a
deﬂationary trap of the kind depicted in Figure 5.
5 Conclusion
Our results imply that a central bank charged with maintaining price stability cannot be in-
dierent as to how scal policy is determined. Commitment to an anti-inﬂationary monetary
policy rule, such as a Taylor rule with a low implicit inﬂation target, cannot by itself ensure
price stability. First of all, scal expectations inconsistent with a stable price level may pre-
vent that outcome from occurring. This possibility is often discussed (e.g., in Sargent and
Wallace, 1981) as resulting from an inconsistency between the policies of the central bank
63This trend grows at approximately 7 percent per year; in the period 1975-91, this consisted of 4 percent
average real growth and 3 percent average inﬂation.
70and of the scal authority, so that the outcome depends upon which must accommodate the
other's policy commitment in practice; this sometimes leads to the argument that a su-
ciently independent or suciently credible central bank can eliminate the problem, simply
by insisting upon its commitment to its own rule. We have seen however, that the problem
is more subtle; it is possible that the policies are not actually inconsistent (in the sense
that an equilibrium exists in which both commitments are maintained forever), but that the
only possible equilibrium will involve an inﬂationary or deﬂationary spiral. Policymakers
concerned with price stability will not wish to allow expectations of this kind to develop.
In the case that the non-Ricardian scal expectations assumed in the Loyo (1999) model
are unavoidable, the choice of a dierent type of monetary policy would be prudent; but
in general, a more desirable solution will be to constrain scal expectations so that stable
prices will not require explosive debt dynamics.
We have also seen that, even when both scal and monetary policy are consistent with an
equilibrium with stable prices (as one among many possible outcomes), there may be good
reason for people's expectations to coordinate upon an equilibrium other than this one | one
in which the price level is determined by expectations regarding the government budget. In
such a case, commitment by the central bank to a Taylor rule would again result in inﬂation
far from the target level. To exclude this possibility, one would need a commitment to a
scal policy that is locally Ricardian, and not merely globally Ricardian (as in the case of a
primary budget that evolves exogenously until certain debt limits are reached).
An example of a suitable scal commitment for this purpose would be a target for the
real value of the conventional budget decit (inclusive of interest on the public debt). For-
tunately, commitments to budget balance or to decit limits have achieved new prominence
in macroeconomic policy in the same period that has seen increased emphasis upon central
bank independence and actively anti-inﬂationary monetary policy, both in the U.S. and in
the European Union. We have seen that this type of scal commitment also has the ad-
vantage of placing a ﬂoor on the path of the nominal value of total government liabilities,
which can be useful as a means of excluding self-fullling deﬂations that would otherwise be
71possible equilibria under a Taylor rule. Thus a scal commitment of this kind, in conjunction
with a monetary policy commitment such as a Taylor rule, represents a sound approach to
the achievement of long-run price stability.
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